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FOREWORD 


This report contains a detailed discussion of methods and 
procedures used to define the vibration damping properties of high 
temperature (260°C to 780°C or 500°F to 1,800°F) damping materials. 
The work was done by the University of Dayton Research Institute, 
Dayton, Ohio in partial fulfillment of Air Force Contract Number 

_-P33615-79-C-5108 for the Air Force Materials Laboratory, Wright- 
Patterson Air Force Base, Gnic. Some of the work included here 
was also done under Air Force Contract Number F33615-76-C-5137. — 
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evaluations using these techniques are presented in the Appendices. 
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SUMMARY 





High temperature vibration damping technology has evolved 

to the point where it can be used to reduce resonant associated 
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vibratory stresses. The material properties defined by this 


testing program show that porcelain enamels can be used as a tool 
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4 to resolve problems such as high cycle fatigue. i 
e Additional experimental work is indicated to broaden the i 
4 knowledge of the thermal aging effects on high temperature enamels. | 
4 It appears that one approach to this problem is controlled com- i 


positional changes to glass components. 
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SECTION I 


INTRODUCTION 





The use of vibration damping technology to reduce the reso- 


nance vibratory stresses in structures has become a common practice 
[1]. The vibration damping materials currently being used are 
primarily rubber-like polymers and are generally limited to vibra- 
aaa tion damping applications below 260°C (500°F). Glass is known to 
| have the potential to extend the temperature range of vipration 
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ub 
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damping technology tc near 1,000°C (1,830°F). One of the major 
barriers to utilizing damping technology has been the inability to 
accurately define the vibration damping properties of materials at 
high temperatures. Reperted here is the new high temperature 
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i materials property evaluation technique being used by the University 
j of Dayton Research Institute (UDRI) to determine the vibration 
damping properties of various glasses. 


UU 


The results of the material evaluations listed in Tables 1 
and 2 are presented in the Apvendices of this report. 





an ite 2 ya nn 
ir ata 


rien) 


enti an MT 





HN NTA a 


LN ace Jah wie aad ik anonrnastamaertenmmnemennmtannmimaine min = 
poem 


yy 





= 


























t 
cn 










































| 
it 
| 





ee 


et RR 


Beam Number 


VIN GA 


NH 0 a ae st ell mermnetnalletai nen 
q 
1 mn 


01-04-1 


an 


01-04-2 


WS 
HA del a 


01-19-2 


anna ne ym 


01-32-2 


ma 


01-37-1 


01-37-2 


» 
ee 


01-38-1 
01-39-1 


Pe 


01-40-1 


Ci-4i-1 








i 
| 
i 
| 01-42-1 
| 01-43-1 
i 01-44-1 
| 0i-44-2 
5 if | 0244-3 
e if ' 
Po 
a Gi ; 01-46-1 
eX 
- Fy | 
if 
y ‘ 01-46-2 
‘ r 
i 01-46-3 


6 tern cone 


ORL oe 
LTA AGA 


4 


i 


: hak anipaRERS tmnashoneag 


00 
























































TABLE 1 


MATERIALS LISTED BY BEAM NUMBER 


Material 
O. Hommel R-1199 | 
O. Hommel R-1199 


Pemco 79 R 1016 


Pemco 79 R 835 


CO. Hommel R-7607 


O. Hommel R-7007 


NBS - 418 


pe oes OUR wwe YE FAIA 


O. Hommel R-7007 
Corning 7570 


Corning 8463 


sigh semana ee stare 


Corning 7556 


YDRI: Borosilicate + 5% NajO + 2% Co, 


UDRI: Borosilicate + 5$ Na50 + 2% C0503 


03 


UDRI: 74.5% Si0, + 12.75% Na 0 + 10.75% CaO + 


3% Al,0, + 23 Co5C3 


UDRI: 74.5% $i0, + 12.75% Na,j0 + 10.75% CaO + 


3% A1,0, + 2% Co 


293 
UDRI: 74.5% SiO, + 10.75% CaO + 12.75% Na,0 
+ 2% co50, 





UDFI: 74.5% SiO, + 10.753 CaO + 12.75% Na ,0 


2 
+ 2% Co50, 
UDRI: 74.5% $i0, + 10.75% CaO + 12.75% Na 0 i 
+ 2% Co.0 






2°3 
Pemco 79 R 465 









Pemco 79 R 2633 
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TABLE 1 (Continued) 


MATERIALS LISTED BY BEAM NUMBER 








Beam Number Material 


01-47-1 UDRI: 70% sid. + 30% Na,0 + 2% Co,03 
01-47-2 Pemco 79 R 835 + 20% Alumina 





01-47-3 Pemco 79 R 2635 
01-48-1 Corning 0010 + 7.5% Al,0, + 13% Co,0, 
01-48-2 Corning 0010 + °.5% Al,0, + 13% Co,0, 


01-48-3 Owens Illinois CV-~97 
01-48-4 Corning 7570 + 2% KHCO, + 2% Na,0 
01-48-5 Corning 7570 + 2% KHCO , + 2% Na50 


01-49-1 Corning 0010 + 7.5% A1,0, + 1% C0503 


Corning 0010 + 7.5% Al,0, + 18 Co,03 













01-49-2 


01-49-3 Owens Illinois CV-101 


Corning 7570 + 6% KHCO, + 6% Na 


01-49-4 0 


2 


Corning 0010 + 10% Al,0, + 1% Co,0 


01-52-1 293 293 





1-53-1 Corning 0010 + 10% Al,0, + 6% Na,O + 1% Co,0, 









01-54-1 Corning 0010 + 12.5% Na,0 + 2% Co 


293 
UDRI: 74.5% SiO, + 12.75% Na,0 + 10.75% CaO + 
6% Al.,0, + 28 Co,0, 

UDRI: 74.5% Si0, + 12.75% Na,O + 10.75% CaO + 


6% Al,03 + 2% Co503 


UDRI: 74.5% Si0, + 12.75% Na,0 + 10.75% CaO + 


6% Al,0, + 2% Co502 










01-55-2 











01-55-3 















01-55-4 
















: 01-57-1 UDRI: 74.5% $id, + 10.75% CaO + 6.375% KHCO, + 
4 6.3753 Na.0 + 2% C050, 
a 01-57-2 UDRI: 74.5% Si0, + 10.75% CaO + 6.375% KHCO, + 


6.375% Na,0 + 2% Co,03 


















































































































































































































































































































































Lace 1 (Concluded) 


MATERIALS LISTED BY BEAM NUMBER 


Beam Number Material 
Bassa 2 a NN 
01-57-3 UDRI: 74.53% Si0, + 10.75% CaO + 6.375% KHCO 3 + 
6.375% Na.0 + 2% Co,0, 


01-59-1 Corning 7556 


Pemco 79 R 2634 


Owens Illinois SG-67-A 


01-62-1 Corning 7570 + 4% KHCO, + 4% Na,0 
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TABLE 2 


INDEX OF MULTILAYER BEAM TESTS 


Beam Number Layer Material 








Corning 0010 + 10% Al,0, 
Nickle Aluminide 


+ 13% Co,03 





Magnesium Zirconate 


Corning 0010 
Nickle Aluminide 


Magnesium Zirconate 


O. Hommel k-1202 
O. Hommel R-1250 


| 
: 
| 


01-51-3 O. Hommel R-1202 


O. Hommel R-1250 | 


Corning 0010 + 103 Al,0, + 13 C040, 
Al.,O 


2-3 


UDRI 74.5% Sid, + 10.75% CaO + 12.75% Na,0 


+ 33 A140, + 23 Ca,0 


3 





eters ater SiemctneBiosncina lindane manent sane tient: Het int thet 
Ss arias etiam as ae 


stare venga Na Tt 








01-58-2 1 UDRI 74.5% Si0, + 10.75% CaO + 6.375% KHCO, 
i H . 
' | + 6.375% Na,0 + 2% Co50, 
| 2 O. Hommel R-1251 
= t 
' 
a { 1 01-58-3 1 UDRI 74.5% Sid, + 10.75% CaO + 6.375% KHCO., 
ej : 
| ! + 6.375% Na,O + 2% Co,0, 
2 | O. Hommel R-1251 
: 01-58-4 1 |UDRI 74.5% SiO, + 10.75% CaO + 6.375% KHCO, 
‘ + 6.375% Na,0 + 2% C0402 
: 2 O. Hommel R-1251 
01-61-1 1 UDRI 74.5% SiO, + 10.75% CaO + 6.375% KHCO 


2 


+ 6.375% Na,0 + 2% Con0, 


2 Nicr 
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Beam Number 





TABLE 2 (Concluded) 





INDEX OF MULTILAYER BEAM TESTS 


Layer 


















































Material 


Sid, + 10.75% CaO + 6.375% KHCO 3 


6.375% Na,0 + 2% CO503 


Nicr 


sio, + 10.75% CaO + 6.375% KHCO, 


6.3753 Na,O + 2% Co503 


O. Hommel R-1252 


Sid, + 10.75% CaO + 6.375% KHCO. 


6.375% Na,O + 2% C003 


O. Hommel R~-1252 


Si0, + 10.75% CaO + 6.375% KHCO, 


6.375% Na.O + 2% C0503 


O. Hommel R-1252 
Si0, + 10.75% CaO + 6.375% KHCO 
6.375% Na.O + 2% Co.0 


2 2.0 
O. Hommel R-1252 


3 


R-1202 
R-1250 
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SECTION II 


HIGH TEMPERATURE ENAMEL TESTING APPARATUS AND TEST BEAMS 


Experiments to measure the dynamic response of specimens at 
elevated temperatures are difficult and require sophisticated tech- 
niques, especially when making measurements using the resonant beam 
technique. Devices such as high temperature accelerometers to 
measure the vibrational response are usually large, costly, and in 
some cases require an external cooling apparatus. The large accel- 
erometers can influence the dynamic response of the test beam. 
Strain gages can be used but are effective only for measuring one 
or two modes of vibration because the surface strains of the higher 
modes of vibrition tend to be small. Due to these difficulties, 
it is usually best if the response can be measured by a device 
capable of measuring the response over a wide frequency range, 
mounted outside the furnace in which the beam is being tested. 
Exciting the beam into resonance at elevated temperatures is also 
very difficult to accomplish. 


A unique apparatus was developed to measure the dynamic re- 
sponse of glass-coated beams at elevated temperatures. The 
apparatus was desiqned to determine the response of five to 
six modes of a cantilever beam over a temperature range of 250°C 
to 1,000°C (500°F to 1,830°F) and a frequency range from 100 to 
10,000 Hz. The complete apparatus and the test beam are explained 
in the following paragraphs [2]. 


l. HIGH TEMPERATURE ENAMEL TEST APPARATUS 


Standard commerically available electronic equipment is used 
to produce and monitor the drive transducer input signal. The 


amplified output of a sine sweep oscillator in series with a dc 


power supply provides the controlled sine power siqnal which results 


in the desired magnetic field from the drive transducer. A cobalt 
disc on the end of the test beam provides the magnetic couple 
between the drive transducer and the test beam. By varying the 
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frequency output of the oscillator, resonant vibration is induced 





in the beam. The motion of the beam is transmitted mechanically 
through the high temperature cantilever test fixture to a force 
link, The output of the force link is amplified and provides the 
signal for the half-power bandwidth measurement needed to determine 


r 44 
NSP He ne 


the material's damping properties. Figure 1 is a block diagram 
of the high temperature testing apparatus and Table 3 lists the 





a aa INP i HD 


electronic equipment used in this experimental set-up. A descrip-~ 


oe 


tion of the uniague components designed for this system to allow 





operation at elevated temperatures follows. 






a. Transducer 







— 
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Available electromagnetic transducers were not ade- 





quate for excitation of test structures or specimens at high tem- 






peratures (up to 980°C or 1,800°F) because insulation on the coil 






wire burns off and demagnetization of the permanent magnets occurred. 






In attempting to satisfy this void, a noncontacting drive trans- 





ducer using electromagnets and freon cooling was constructed (see 






Figure 2). Use of a static field electromagnet prevents demagneti- 






zation when high level dynamic excitation such as white noise is 






used. 


The transducer body is constructed of mild steel. 
The end covering the coil and the core is also mild steel but the 







ena cap is nonmagnetic stainless steel. A Teflon bobbin holds 






the coil in place. When using this type of transducer, a DC 





current source is required for the static magnetic field. The 






required dynamic signal is applied to excite the structure under 






test. The block diagram in Figure 3 shows connection for the 






transducer. 


A standard 4,000 BTU air conditioner is used to cool 


the transducer by removing the evaporator and connecting the trans-— 












ducer (see Figure 4). With cooling, the transducer will operate 






at higher temperature and handle more power. 
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TABLE 3 


LIST OF ELECTRONIC EQUIPMENT 


Description Manufacturer Model Number 


Oscilloscope Ballantine 1066S 
Meter, R. M. S. Hewlett-Packard 3400A 
Amplifier, Power McIntosh MC50 
Drive Transducer, UDRI fabricated 

Freon Cooled 

Refrigeration System, UDRI fabricated 

Transducer 

Preamplifier, MB Electronics N400 
Precision 

Plotter, Graphic Hewlett-Packard 7035B 
X/Y 

Force Gage, Axial PCB 233A 
Power Supply, Harrison 6203A 


Current Source 


Impedence Transformer, UDRI fabricated 
Line Driver 


Oscillator Spectral Dynamics 104-A 
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- Compressor 

~ Filter/Dryer 

~ Pressure Switch 
- Condenser Air Cocled, Finned Fan Forced Air 
~ Orifice 

~ Schroeder Valve to Drive Transducer 
Schroeder Valve to Pick-up Transducer 

~ Pressure Gage 

~ Manually Adjustable Valve 

~ Evaporator, Air Cooled, Finned, Static 

~ Return Schroeder Valve from Drive Transducer 

~ Return Schroeder Valve from Pick-up Transducer 
~ Recharge Valve 

~ Receiver 
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Figure 4. Schematic of Air Concitioner Used 
to Cool UDRI Fabricated Drive 
Transducer. 
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b. High Temperature Cantilever Test Fixture 


The high temperature enamels cantilever test fixture 
was developed to maintain a constant clamping force on the test 
specimen as the temperature is varied over the test range, and to 
transmit the motion of the test specimen to the force gage located 
outside the high temperature furnace. The high temperature enamels 
damping fixture number one is illustrated in Figure 5. The fixture 
consists of an isolated table, clamping fixture, force couple, 
force gage, and air cylinder. The table is a platform mounted to 
a wooden frame by isolation mounts. A metal plate is attached 
to the table. The clamping fixture is two blocks machined from 
Inconel Alloy Number 625. Two bolts machined from Inconel Alloy 625 
pass through grooves along the side of the blocks and througn the 
table and are attached to the top of a force link. The test specimen 
is inserted between the blocks and approximately 50 psi applied to 
the air cylinder providing a constant clamping force to the root 
of the specimen. The air cylinder is a major innovation for this 
system. Any bolting system used to apply clamping pressure lost 
torque at the higher temperatures. The air cylinder takes into 
account any thermal expansion and this results in a constant clamping 
pressure over the entire temperature range. Vibrations in the 
beam are mechanically transmitted to the force link via the fixture 
block and bolts. Fixture number two (illustrated in Figure 6) is 
similar, except the blocks and bolts are made cf Hastelloy %. Only 
one bolt is used and it is passed through the center of the block 
and specimen root. This arrangement reduces background interference 
as seen by the force link. 


Cc. Temperature Control 


To achieve the high temperatures necessary for the 
evaluation of high temperature vibration damping materials, a 
chree-zone tube furnace was modified tc accept the enamels test 
fixture and the electromagnetic drive transducer. Baffels are used 
to separate the zones for more precise temperature control. The 
temperature in each zone is independently controlled by a propor- 


tional temperature controller. A control thermocoupie provides 
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the signal to the proportional controllers. The controllers are 
adjusted to achieve the desired temperature as read on monitoring 
thermocouples. Figure 7 is a schematic of the enamels testing 
furnace showing the location of the control thermocouples (TC-1, 
TC-2, and TC-3) and the monitoring thermocouples (TM-l, UM-2A, TM- 
2B, and TM-3). Zone one (fixture end) thermocouples are inserted 
into holes in the root of the test specimen. Zones two and three 
control thermocouples are inserted through the bottom of the * :rnace 












to about one-half-inch below the test specimen. Zones two and 


ee 


three monitoring thermocouples are set down onto the surface of the 


test specimen measuring the temperature of the enamel coating. 


The temperature is set and allowed to stabilize. When the temper- 


ature is at the desired level, the zone two and zone three moni- 






toring thermocouples are lifted and modal damping data is taken. 






aan 


Even with baffels separating the zones, there is considerable inter- 






action between the zones. To achieve more accurate control of the 






temperature, two monitoriny thermocouples are used in zone two. 






Table 4 shows typical temperature variance between monitoring 






thermocouples after the temperature is stabilized at the desired 






temperature. The test temperature is considered stabilized when 






the variations in Table 4 are maintained for three minutes. 







TABLE 4 


TEMPERATURE DEVIATION OF MONITOR THERMOCOUPLES 









Deviation from 
Thermocouple Number Furnace Zone Set Temperature 







TM-1 1 1.7 to 2.8°C 











TM-2A 2 -1.7 to 2.8°C 






TM-2B 2 1.7 to 2.8°C 
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Figure 7. 
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Schematic of the Enamels Testing Furnace 
Showing the Locations of the Control and 


Monitoring Thermocouples. 
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2. TEST SPECIMEN 
a. Beam Specimen 


The high temperature enamel test specimens are canti- 
lever beams made of Haynes Alloy Number 188, with roots made of 
Hastelloy X. Figure 8 is a schematic of the test specimens with 
typical dimensions. The top beam is made to be used in test fixture 
number one, and the bottom in test fixture number tvo. Both 
specimens are identical except a one-half-inch hole is drilled in 
the root of the beams to be used in fixture number two. The beams 
are cut from a Haynes Alloy sheet and machined to the required 
dimensions. The roots are cut from 0.25-inch Hastelloy X sheets 
and machined to size. An 0.125-inch hole is drilled into each root 
to allow the high temperature testing furnace's zone one thermo- 
couples to be inserted into the beam. The roots are then welded 
onto the top and bottom of the test beam. The beams and roots are 
welded on three sides to ensure adequate clamping. Since Haynes 





Alloy Number 188 is non-magnetic, a high Curie temperature cobalt 
disc is welded onto the beam to provide a magnetic couple to the 
electromagnetic drive transducer. 


b. Preparing the Damping Material 


The base glasses are in fritted (powdered) form. The 
required amounts of glass, and in some cases oxide additions, are 
weighed out on a pan balance. The weighed powders are then mechan- 
ically mixed in a V-blender for approximately one hovr. The mixed 
material is then contained in a platinum crucible, heated, and 
quenched by pouring it into a container of cold water. The quenched 
glass is then dry-ball milled, using A150, grinding media. The 
milled powder is then screened to obtain various particle size 
splits. For the test beams prepared the distribution of particle 
sizes is obtained by passing the powder through a 100-mesh screen 


and using what remains on a 150-mesh screen. 





ome Damping Material Application 





Wisp 


Prior to coating, the metal substrate is sandblasted 


using a 36-mesh silicon carbide grit and an air pressure of 75 psi. 
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The powdered damping material is arplied to the metal substrate 
by plasma spraying. A Metco 3MB plasma spray apparatus is operated 
at 400 amps DC, 75 volts DC at 30,000 watts setting with a gas flow 
of fifteen scfh Ho and 80 scfh Ar. A gas mixture of 84.2 percent 
Ar and 15.7 percent Ho is used. The coated beam is then fired in 
a resistance heated furnace fcr approximately three minutes or 
until the surface appears to be smooth. Figure 9 illustrates an 


uncoated specimen and a coated test specimen [2]. 
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Uncoated (top) and Coated Cantilever Beam 
(bottom). 
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SECTION III 


DETERMINATION OF MATERIAL PROPERTIES 


The definition of vibration damping properties by the Oberst 


beam testing technique involves four main steps. The damping charac- 


teristics of the uncoated beam specimen are determined by the reso- 
nant beam technique. After the base line data for the test beam 

is known, the beam is then coated with the high temperature damping 
material to be eva” ited. The composite beam is then tested to 
obtain the damping cnaracteristics of the coated specimen. The 
data from the uncoated and coated beam tests are then combined and 
entered into a computer program which defines the material's storage 
modulus, loss modulus, and loss factor for the specific temperatures 
and modes as detcrmined from the beam tests. A reduced frequency 
nomograph is developed from these material properties by means of 
another computer program. This nomograph displays the vibration 
damping properties of the material as a function of temperature and 
frequency for a temperature and frequency range which extends beyond 
that of the test data. 


1. BEAM TESTING 


The method for determining the loss factor and complex Young's 
modulus properties for high temperature free layer materials is 
the Oberst beam test [3]. The frequency response and modal damping 
as a function of temperature are measured for each undamped test 
beam, Accurate measurements of the resonant frequencies are neces- 
sary because the material damping properties calculated from experi- 
mental measurements are very sensitive to errors in the ratio of 


the coated beam resonant frequency to the unccated resonant frequency 


(f/f ,)5 especially for thin coatings. 
a. Uncoated Test 


The physical dimensions for the uncoated beam are 
measured and recorded. To determine the material loss factor and 
complex Young's modulus, the Oberst equations require the uncoated 
beam thickness (hy), length (2), and density (9) - All of the 
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beams reported here are made of Haynes Alloy 188 with a density 
of 9.13 g/cc. (Beam dimensions are illustrated in Figure 8). 


The cantilever beam test specimen is placed in the 
apparatus illustrated in Figure 1. As mentioned previously, this 
apparatus compensates for the thermal expansion and high temperature 
creep of the fixture and ensures a constant clamping pressure over 


the entire temperature range for which the measurements are obtained. 


For the uncoated beams, each beam is stabilized at 
the highest expected test temperature (usually about 1,000°C) and 
the resonant frequency and modal damping of the second through 
sixth modes are measured. The temperature is then reduced in 40°C 
increments, stabilized (refer to Table 4), and the response measure- 
ments repeated. This procedure is continued to approximately 300°C. 
The resonant frequency and modal damping versus temperature for 
each of the modes are then plotted. The resonant frequency versus 
temperature curve, as illustrated in Figure 10, for each of the modes 
of the uncoated specimens tested is a smooth curve, and accurate 
resonant frequencies could be picked from this curve for any tem- 
perature of interest. The modal damping is determined by measuring 
the half-power bandwidth of each of the modes (n = Af /f,) and 
plotted versus temperature as illustrated in Figure 11. 


Experience showed it was necessary to heat the specimen 
to the highest temperature and measure the response of the specimen 
as it cooled. The resonant frequencies measured on cooling from 
the highest temperature were higher than the resonant frequencies 
measured upon heating from room temperature to the highest tempera- 
ture of interest. Once the specimen was heated to the highest 
temperature and cooled, the resonant frequencies measured going up 
in temperature and those measured coming down in temperature were 
the same, within experimental error, providing the specimen remained 
in the fixture. Other investigators have also noticed this behavior 
(4). It is believed to be caused by the beam "Setting in" the 
fixture and the relief of surface stresses in the beam introduced 
during fabrication. It is not due to the beam material being 
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annealed. The anneling temperature of the beam material used 
(Haynes Alloy 188) is greater than 1,100°C. 


b. Coated Beam Test 


After the uncoated specimen responses are measured, 
the beam is then coated on one side with a glass. The coated beam 
is heated to the expected maximum temperature for the particular 
coating, and the resonant frequencies and modal damping of the second 
through sixth modes are measured. The temperature is then reduced 
in steps of 25°C and the response is again measured. If the modal 
damping decreased upon cooling, the temperature of the specimen is 
increased above the initial test temperature in 25°C increments until 
the modal damping decreases for two successive increases in tempera- 
ture. The specimen is then cooled in 25°C steps and new measurements 
taken. Figure 12 is a typical plot of coated beam center frequency 


versus temperature and Figure 13 is a typical plot of modal damping 
versus temperature. 


The measurements made upon heating are not used to 
calculate the damping properties of the coating for the reasons pre- 
viously menticned. Another reason is that a glass is sensitive to 
its previous thermal history, in particular to the rate at which 
it is cooled from its firing temperature. The specimens tested are 
fired and then air quenched. This rapid cooling may have caused 
large residual stresses and some nonequilibrium structure can be 
frozen in. Heating the glass above its softening temperature and 
slowly cooling it allows the residual stresses to be relieved and 
the glass to maintain equilibriun. 


The loss factor of the uncoated beam is subtracted from 
the measured loss factor of the coated beam to obtain a "corrected" 
modal damping coefficient. Sridharan [4] has shown that for small 
modal damping 

Ne 7 Ag — MD 
where 

Ty is the modal damping of the uncoated beam; 

Me is the measured modal damping of the coated 

specimen; 
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Figure 12. Typical Plot of Coated Beam Center 
Frequency Versus Temperacure. 
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Ne is the modal damping that would have been observed 
if the uncoated beam damping was zero. 
This correction is usually only necessary for temperatures greater 
than 650°C (1,200°F). The Gata recorded for each of the modes and 


temperatures are: 


‘WN Rael eneeomae BN ate sat nuances 


T ~ the temperature of the specimen; 

En - the resonant frequency for the nth mode of 
the uncoated beam; 

£ - the resonant frequency for the pth mode of 


the coated beam; 
Af. - the half-~power bandwidth of the nt mode of 


: 
<a menepeenaiettninnaetinamcset 
ct 
a 
o 


uncoated beam; 
Af, - the half-power bandwidth of the nth mode of 
the coated beam; 
Ne ~ modal damping of the nth mode of the coated 
beam; 
‘ Ny - modal damping of the nth moGe of the uncoatec 
i beam. 
2. CALCULATION OF DAMPING PROPERTIES 


The damping characteristics of the coatings are determined 


by measuring the vibration response of a composite cantilever beam 
It is assumed 


at varying temperatures over the viscoelastic range. 


that the enamel is a viscceliastic material; that is, the modulus 


of the enamel can be treated as a complex quantity 
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is the storage or Young's modulus of the enamel and Np 
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y : ? Pees : A 

“ is the ratio of the dissipative modulus, ES to the storage modulus. 
[ Consider the metal beam with enamel coating on one side, as a 
‘ shown in Figure 14. 
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Figure 14. Coated Oberst Test Beam. 


The formulas developed by Oberst [3] and used by many other 
investigators were used to determine the damping properties of the 


enamel as a function of frequency and temperature. These formulae 
are: 


1+2(3_/E,) (H./%,)A+ (E,/E,) 7 (h /h,) * 
(0/44) * (1thpp p/h, Py) = De Oe (1) 
1 + (Ep/B,) (hp/hy) 
and 


Np  (Ep/E,) (Ap/hy) [2A + 2(8/E,) (ap/hy)* + (ES/E,)*(hp/hy) *-1) a 
Te (1+ (Ey/B,) (p/h) 1 (2 + 2A(B/B,) (hp /hy) + (B,/E,)? (hp/hy) "3 


where 


A= 2+ 3(hp/h,) + 2(hp/h,) ° (3) 


® = natural frequency of the nth mode of the com- 


posite beam, autor rad/sec; 
Ce natural frequency of the nth mode of the metal 
peat, ants rad/sec; 
hy = thickness of enamel coating applied to composite 
beam; 
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thickness of metal beam; 

density of enamel coating; 

density of metal beam; 

real part of the modulus of enamel coating; 
Young's modulus of metal beam; 

effective loss factor of composite beam; 
loss factor of enamel coating. 


The quantities of hp: hy Pps and p, are known and 
are assumed to remain constant with temperature. The parameters 
Oe Orne and nN, are experimentally measured. The value of Np is 
determined from 


Aw 
(4) 


where At. is the bandwidth at the half-power points of the response 


peak for the nth mode. The value of Ey can be determined from the 


measured response of the uncoated metal beam using 


4 _ 2 4 
f= W443, L /E,1, (5) 


th mode 


the eigen value corresponding to the n 
and is a constant, determined by the boundary 
conditions; 

p bh, = the mass per unit length of the metal 
beam; 

the length of the beam; 

1/12 bh? = the second moment of area 


metal beam about its centerline. 


The values of on for beams with classical boundary 
conditions are well known and can be found in reference [5]. Thus, 
from the meaSured resonant frequencies of the coated and bare beams 
and the measured composite loss factor, the damping properties of 
the enamel can be determined as a function of temperature and 
frequency. 




















































































































The resonant frequencies and modal damping of five 
to six modes of the coated beam, covering a frequency range of 
100 Hz to 1,500 Hz can usually be measured for each temperature. 
Thus, the damping properties of the vitreous coating over a decade 
of frequency at a given temperature can be easily and quickly 
determined. 


MATERIAL PROPERTIES 


A nomograph developed by Jones [6} is used to present both 
the temperature and frequency Gependence of the enamel coating. 
A computer program developed by King [7], using the technique of 


NR: ARAMA ET Rc 
ee , 7 ‘ . . nm ' 


Rogers and Nashif [8], is used to plot the properties on the nomo~ 
graph. There are two graphs for a coating. One plot is the storage 
modulus and loss modulus versus reduced frequency which is illus- 
trated in Figure 15, and the other plot is the storage modulus 

and loss factor versus reduced frequency which is shown in Figure 
16. These plots readily illustrate the variation of the damping 
properties of the material with frequency and temperature. 


The plot is read by choosing the temperature of interest and 
following the oblique temperature isctherm until it intersects 
the horizontal constant frequency line of interest (frequency is 
the right vertical axis of the plot). Follow a vertical line at 
that point until it intersects the curve of interest, and read 


the properties of interest. Figures 17 and 18 iilustrate this 


method to identify the damping proverties at 500 Hz and 600°C. 


By reversing this process, the temperature of peak damping can be 
determined as illustrated in Figure 19. By defining the effective 
temperature range of material damping as the range over which 
material damping is above 0.707 peak damping (Figure 20), a de- 
scription of the shape of the damping peak can be made. These 
methods were used to develop the summary of damping properties on 
the material damping properties evaluation summary sheet used in 


the data presentation Appendix of this report. 


It can easily be seen from the nomographs that the data in 
this format is amenable to the development of analytical equations 
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which would represent the data. The equations used to fit the 
Material properties are those suggested by Rogers in reference [8]. 


The ability to represent the dynamic material properties in 
equation form greatly facilitates the 1sse of this data in analytical 
structural design. A short discussion of the equations and para- 
meters used in the curve fitting routine follows. More detailed 
information is in references [7] and [8]. 

The curves fitted to the data cn the nomogqraphs were calculated 
by the computer program mentioned previously in this Section. The 


basic form for these equations are as follows: 


Storage Modulus 


: 1095 ( — 
log, )(E) = log 10(M,) + 2 (6) 


TF \N 
rom 
1 + (22) 
xr 
where: 


Ey is the material storage modulus; 


f. is the reduced frequency; 


See is the inflection point of the storage modulus curve 
as read on the Young's modulus scale; 


© on is the reduced frequency value of this inflection 


point; 
N is the slope of the curve at the inflection point; 


My is the Young's modulus value of the lower horizontal 





asymptope of this curve. 


o£ , N, and 


a . ae = M 
Figure 21 illustrates the curve fit parameters an ron 
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REDUCED FREQUENCY 
Figure 21. Curve Fit Parameters for Storage Modulus. 
Loss FPactcr 


{3-5-5 £ 
: c| (Se * Sh , 2 
mn) = 10979 (Ero9) +4] ( C ) *°S19 \F ) ec aks 





ror 
ee 
£ 
xr 


sg VV 1 + 


(7) 


n is the loss factor; 
fT is the reduced frequency; 


Nerog is the loss factor value of the damping peak; 


£ 
ror 
S5 is the slope of asymptotic line for low values 


reduced frequency; 


is the reduced frequency value of the damping peak; 
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s. is the slope of asymptotic line for high values of 


reduced frequency; 


C is a parameter which defines the curvature of the damping 


peak. 


Figure 22 illustrates the curve fit parameters Nerog’ £ 
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Figure 22. Curve Fit Parameters for Loss Factor. 


The curve fit equations for each material are included in 


the materials damping properties evaluation summary 
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SECTION IV 


THERMAL AGING 


As porcelain enamels are exposed to temperatures in or above 
the vibration damping range, the material loss factor changes with 
time. To evaluate the effect of thermal aging, several test speci- 
mens were placed in an oven at the completion cf the vibrating beam 
test. After approximately 100 hours the specimens were removed 
and retested. Figure 23 shows the change in ioss factors for 
O. Hommel 7907 glass after 120 hours at 600°C. The loss factor 
has decreased slightly and the peak damping temperature for 1C? Hz 
has shifted to a higher temperature. The effects of thermal aging 
is not consistent for different glasses. Figure 24 is a plot for 
a borosilicate glass. The loss factor and temperature for peak 


damping have increased, 


The work done by Graves, Cannon, and Kumar [2] has shown 
that the vibration damping properties of a glass can be adjusted 
by selectively altering the composition of the glass. Compcesitional 
variations also appear to have the potential to control the rate 
of change of damping propexties with thermal aging. Figure 25 
shows the change in damping properties with time for a base glass 
compared to a modified glass. The rate of change of loss factor 
has been effected by these modifications. 


Table 5 lists the materials tested for thermal aging. Appendix 
D prevides a comparison of the vibration damping properties for 
these materials. 


Extensive research is indicated before any specific conclu- 
sions can be made. The effect of thermal aging on material proper- 
ties needs to be defined, and methods for controlling the chanaes 
of damping characteristics need to be developed. 
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INDEX OF MATERIALS THERMALLY AGED 


Beam Temperature Time 
Material Number es Hours 
RE ee ee 











O. Hommel 7007 


ing 0010 + 7.5% Ai,0, + 





corning 7570 + 23 Na,O + 2% 


2 
KHCO, 









iO, + 12.75% Na.O + 10.753 
cac?+ 28 Co,0, 2 


SiO, + 12.75% Na,O + 10.75% 01-44-2 | 
O°+ 3% Al,0,+ “2% Co.0 1 01-44- 
Ica 393 050, 0 3 

SE RS A 

Isio, + 12.75% Na,O + 10.75% 01-55-2 
lcad“+ 6% ALO + “28 C040, 01-55-3 
01-55-4 


‘ 


i 
SiOz + 10.75% CaO + 6.375% 


|KHCO, + 6.375% Na,0 + 2% C0503 
H 


01-57-1 x 
01-57-2 815 





* As fired 
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SECTION V 


MULTILAYER PORCELAIN ENAMEL DAMPING SYSTEMS 


Experiments were performed to evaluate the potential of a 
constrained layer damping treatment for the 300°C to 800°C tempera- 
ture range. These experiments were conducted by applying a higher 
melting material over a porcelain enamel. Conclusions from these 
experiments appear to show that coating applied in this manner 
acts as a free layer damper up to a certain temperature and as a 
constrained layer damper above this temperature. The effective 
temperature range of a multilayer system is much broader than the 
effective temperature range of the single porcelain enamel. The 
multilayer damping approach appears to have other positive side 
effects, such as greater durability by protecting the base glass 
from weathering, erosion, and corrosion, 


Appendix E presents the results of the multilayer beam tests 
in the same format as the material properties in Appendix A. It 


is essential to understand that this data is valid only for the 
specific coating geometry as applied to the individual beam test. 
The data was reduced as a Single free layer damping material. The 
data listed in Appendix E does not show general material properties. 
It does show general damping trends of multilayer coatings. 


The constrained layer method of utilizing porcelain enamels 
as vibration damping materials is very promising and should be 
very thoroughly investigated. 
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The results 


SECTION VI 


DATA APPENDICES 


of this testing program are presented in five 


Appendices. Appendix A provides examples of the formats used to 


present the data 
are included ina 
the presentation 


The Appendi 


Appendix A: 
Appendix B: 
Appendix C: 
Appendix D: 
Appendix E: 


in the other four Appendices. Sample calculations 
line-by-line break down of the forms used in 


of data. 
ces are as follows: 


Data Formats and Sample Calculations 
Material Data Evaluations 

Uncoated Beam Test Results 

Thermal Aging 

Multilayer Damping 
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APPENDIX A 


DATA FORMS 


The vibrating beam test data listed in Appendix B for high 
temperature damping materials and the data listed in Appendix E 
for multilayer damping systems is in the following format. 


Each beam test has a summary, raw data, and reduced property 
data tables. Included for each material of Appendices B and E 
are two reduced frequency nomographs which display material stor- 
age modulus, loss modulus, and loss factor. Vibrating beam test 
number 01-43-1 is the example used to illustrate this format. 


Beam Number - each vibrating beam test is identified by an 
individual five digit number as follows. 


XX-YY-Z 


The substrate (bare beam) material is identified by the material 
code "XX." All of the materials testing listed in this report was 
conducted using Haynes Alloy Number 188 as the substrate. The 
material code for Haynes 188 is "01." Each beam made of Haynes 188 
was given an individual number as it was fabricated and is indicated 
by "YY." The test number "Z" is the chronological number for each 
test of a specific beam, e.g., a beam number of 01-43-1 would in- 
dicate the first vibrating beam test for beam number 43 which is 
made of Haynes Alloy Number 188. 


Summary Sheet - Figure 1-A is the summary sheet for beam 
test number 01-43-1. The form serves as a cover sheet for the 
test data and provides a brief summary of the beam test as follows. 


(a) Beam Number: beam test number. 
(b) The date of the beam test. 


(c) Damping Material: the material which was 





evaluated for damping properties. 


(d) Damping Material Thickness: an average of 


random thicknesses as read with a micrometer. 
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Damping Material {c) 


Material Thickness (d) cm Material Density (e) g/cc 


Fixture No. (£) Beam Thickness _(g) scm 
Beam Density (h) g/cc Beam Length (i) cm 
Temperature Test Range: Between (3) °C and ©C 
Frequency Test Range: Between (k) Hz and Hz 
Loss Factor Np? 
Peak 100 Hz f Temperature 

1000 Hz Temperature 
Range 100 Hz ___ (m) eC 

1000 Hz 2¢ 
Complex Modulus: Ep" 
Peak 100 Hz (n) PAS Temperature 

1000 Hz PAS ‘Temperature 
Range 100 Hz (0) eC do 


1000 Hz °c °C 


NOMOGRAPH CURVE FIT FOUATION: 


Remarks: 


Figure 1-A. Beam Test Summary Sheet. 
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(e) 


(f£) 


(g) 


(h) 


(i) 


(3) 


(k) 


(1) 


(m) 


(n) 


(o) 





























hy = ho - h, 
where hy is damping coating thickness, he is 

is coated beam thickness, and h, is bare beam 
thickness (hp) - 

Material Density: density of the damping 
material (o,)- 

Fixture Number: fixture used for the beam test 
(see Section 2.1.2 of this report). 

Beam Thickness: A random average of bare beam 
thickness as measured with a micrometer (h,). 
Beam Density: Density of substrate. Density 

of Haynes 188 = 9.13 g/cc (o,)- 

Beam Length: Average length of the specimen 
from the root to the end of the beam as measured 
with a scale (2). 

Temperature Test Range: the upper and lower 
temperatures at which modal damping was measured 
(see Section 2.1.3 of this report) (T). 

Frequency Test Range: upper and lower frequencies 
measured during the test. 

Loss Factor Peak: magnitude and temperature o* 
peak damping for 100 Hz ance 1,000 Hz as read 

off the reduced frequency nomograph (Figure 2-A). 
Loss Factor Range: the high and low temperatures 
for a 0.707 decrease in tne magnitude of peak 
damping at 100 Hz and 1,000 Hz as read off the 
reduced frequency nomograph (Figure 3-A). 

Complex Modulus Peak: magnitude and temperature 
of peak loss modulus for 100 Hz and 1,000 Hz 

as read off the reduced frequency nomograph 
(Figure 4-A). 

Loss Modulus Range: the high and low temperatures 
for 0.707 peak damping at 100 Hz and 1,000 Hz as 
read off of the nomograph (Figure 5-A). 
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curve Fit Equations: equations for computer 
curve fit of data on reduced temperature 
nomograph (see Section 3.3 of this report). 
Remarks: pertinent remarks made during the 


Material evaluation. 


Rew Data Sheet - Figure 6-A is the format for recording the 
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modal half-power bandwidth measurements during coated beam testing 


as follows. 


oat eae ang 


es oe ee 


eC TN CCI em arte anes alsin MN nn hae meaKndnneetle ee 


A I 


Ca 


{Ui Hg ean 


- 


id 


om 
a 


east a Tes ne A 


Beam Number: beam test number. 

Temperature: the temperature at which the modal 
half-power bandwidth measurement was taken. 
Mode: vche bending mode number for the data 
pcint. 

fo: center frequency of the modal resonance 
peak for the composite beam. 

Q center frequency of the modal resonance 
peak for the bare beam from data in Appendix C. 
£53 lower frequency of a 3dB decrease in mag- 
nitude of the resonance peak amplitude. 

£R? upper frequency of a 3dB decrease in the 
Magnitude of resonance peak amplitude. 

&f: half-power bandwidth 


AF = a ae 
AE ER <1, 
ns? composite beam modal damping 
sp, RS SE 
= é £ 
c c 
a? corrected modal damping 
Ne = Magy 
wi, is bare beam damping from Appendix C. 
1dB: due to background interference, some modal | 





damping measurements were taken for a 1d4B 





Gecrease in the magnitudes of the resonance 


peak. For these cases: Af 1.9652 (f,-f.). 
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Reduced Data Sheet - Figure 7-A is a listing of the computer 


input and output of the data reduction program. 


(a) 
(kL) 
(c) 
(da) 
(e) 
(f) 


(g) 


(h) 


(i) 


The damping material storage (real) modulus. 
The damping material loss factor. 

The temperature at which the data point was 
taken. 

Composite beam center frequency (f.) from raw 
data sheet. 

Mode number of the bending mode for the test 
specimen. 

Bare beam modulus is the storage modulus for 
the uncoated specimen. 

Composite loss factor is Ne from the raw data 
sheet. 

Bare beam frequency, the center frequency of 
the uncoated beam as read from plots of the 
data as in Appendix C. 

Loss modulus is the damping material imaginary 
modulus. 


Reduced Frequency Nomographs - Reduced frequency nomographs 
are graphical representations of the dynamic modulus properties 
of the damping material. Figure 2~A is an example of a nomograph 
displaying storage modulus and loss factor. Figure 3-A is an 


example of the nomograph displaying storage and loss modulus of the 


damping material. 
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APPENDIX B 


MATERTAL DATA EVALUATIONS 


Presented here are the results of the vibration damping 
material evaluations in the format shown in Section V of this 
report. A step-by-step breakdown of the data presentation format 
is shown in Appendix A. Each material evaluation is assigned a 
section in this Appendix in beam number order. Each beam test 
was assigned a number and includes a two digit beam material code 
followed by a two digit specimen number and the chronological 


test run numbers of the specimen. An example of this system 


follows. 
ol 01 1 
Material code Specimen number First coated 
for Haynes 188 (first beam made beam test of 
of Haynes 188) specimen 01-01 


The bare beam tests are indicated using this same method except 
a test run number of @ is used. 


Table 1-B indexes the materials included here by beam number, 
Table 2-B indexes the commerically available materials by manufac- 
turers. Table 3-B indexes the materials listed in this Appendix 
by the peak loss modulus temperature at 100 Ha. 
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TABLE 1-B 
MATERIALS LISTED BY BEAM NUMBER 























Beam Number Material 

01-04-1 O. Hommel R-1199 

01-04-2 O. Hommel R-1199 

01-19-2 Pemco 79 R 1016 

01-32-2 Pemco 79 R 835 

01-37-1 O. Hommel R~-7007 

01-37-2 O. Hommel R-7007 ~s 

01-38-1 NBS - 418 

01-39-1 . O. Hommel R~7007 

01-40-1 Corning 7570 

01-41-1 Corning 8463 - 

01~42-1 Corning 7556 

01-43-1 UDRI: Borosilicate + 5% Naj,0 + 2% Co503 — 

01-44-1 UDRI: Borosilicate + 5% Na,0 + 2% Co,0, 
01+ 44-2 UDRI: 74.5% Si,0 4: 12.75% Na,O + 10.75% CaO + 

3% A1,C, + 2 C040, 
01-44-3 UDRI: 74.5% Sid, + 12.75% CaO + 10.75% Na,0 
3% Al,03 + 23% co,0, 
01-46-1 UDRI: 74.5% Si,0 + 10.75% CaO + 12.75% Na,0 
+ 2% C0503 
01-46-3 UDRI: 74.5% Si,0 + 10.75% CaO + 12.75% Na,0 
+ 2% C0403 

01-46-4—i“(”:”:”:”:”*~<“<«t*‘éi eMC TRS!!!”!™!™~*~<~*~™S 
01-46-5 pence 79:R 2633 ~C~C“<~*“‘=CS*‘* 
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TABLE 1-B (Continued) 
MATERIALS LISTED BY BEAM NUMBER 




































































Beam Number Material 

01-47-2 Pemco 79 R 835 + 20% Alumina : 
01-47-3 Pemco 79 R 2635 i 
i 
01-48-1 Corning 0010 + 7.53% Al,03 + 13% C0503 : 
: 
01-48-2 Corning 0010 + 7.53 Al,03 + 1% Co,03 i 
01-48-3 Qwens Illinois CV-97 j 
- 01-48~4 Corning 7570 + 2% KHCO, + 2% Na,O | 
7 01-48-5 Corning 7570 + 2% KHCO, + 2% Na,0 j 
4 i 01-49-1 Corning 0010 + 7.5% Al,0, + 1% Co,0, i 
: A 01-49~2 Corning 0010 + 7.5% Al,03 + 13% C0503 i 
a | 01-49-3 Owens Illinois CV-101 } 
po : 
f 01-49-4 Corning 7570 + 6% KHCO, + 6% Na,O ; 
: q 
3 01-52-1 Corning 0010 + 10% A103 + 13% C050, i 
| 01-53-1 Corning 0010 + 10% Al,0, + 6% Na,O0 + 1% Co,0, i 
; 01-54-1 Corning 0010 + 12.5% Na,O + 2% Co,0, : 
i 
| | 01-55-2 UDRI: 74.5% SiO, + 12.75% Na,O + 10.75% CaO + ; 
| | j 
1} | 68 Al,O, + 2% Co,0, / 

; 01-55-3 UDRI: 74.5% SiO, + 12.75% Na,O + 10.75% CaO + 

y 6% Al,0, + 2% Co,0, 

\} 01-55-4 UDRI: 74.5% SiO, + 12.75% Na,O0 + 10.75% CaO + 
; 6 Al,0, + 2% Co,0, 
3 01-57-1 UDRI: 74.5% SiO, + 10.75% CaO + 6.375% KHCO, + j 
( j 
| 6.375% Na,0 + 2% C0403 i 
j 01-57-2 UDRI: 74.5% SiO, + 10.75% CaO + 6.375% KHCO, + i 
G 6.375% Na,0 + 2% Co,0, i 
at 
| 64 : 
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| TABLE 1-B (Concluded) 
i MATERIALS LISTED BY BEAM NUMBER 
{ 
} 
| Beam Number Material 
ee 
01-57-3 UDRI: 74.5% SiO, + 10.75% CaO + 6.375% KHCO, + 
3 6.375% Na,0O + 2% Co,03 
01-59-1 Corning 7556 
| 01-59-2 Pemco 79 R 2634 
| 01-60-1 Owens Illinois SG-67-A 
a | 
| 01-62-1 Corning 7570 + 4% KHCO., + 4% Na,0 
3] ! 
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TABLE 2-B 


MATERIALS LISTED BY MANUFACTURER 


Material 
Code Beam Number Additions 


=a eerie 
Corning | 0020 7.5% Al,04, 1% Co,0, 
Corning 7.5% A104; 1 0,0., 
0010 7.5% Al,0,, 1% Co,0, | 
Corning 0010 7.5% Al,03, 1% Co,03 
Corning | 0010 10% A1,03, 13 Co,03 


Corning + 0010 01-54-1 12.5% A1l,0,, 2% Co,0 





Corning 





Corning | 7556 


; 01-42-1 









Corning 01-59-1 






Corning 
Corning 7570 01-48-1 2% KHCO3, 2% Na yO 
7570 { 01-48-5 28 KHCO,, 2% Na,0 
| Corning 7570 | 01-62-1 4% KHCO,, 4% Na,0 
| Corning 8463 01-41-1 
National Bureau 418 | 01-38-1 
| of Standards | | 
| ©. Hommel | 1199 01-04-21 


| O. Hommel 1199 01-04-2 





Owens Illinois | SG-67-A 01-67-1 


Owens Illinois 01-48-3 


66 























































































































































































































































































































TABLE 2-B (Concluded) 
MATERIALS LISTED BY MANUFACTURER 


Material 


flanufacturer Additions 


ee ee ee ee ae ee ee 
Owens Illinois} CVv-101 01-49-3 


79 R 465 01-46-4 
79 R 835 01-32-2 
79 R 835 01-47-2 


Pemco | 79 R 1016 


| 79 R 2633 


| 79 R 2634 


79 R 2635 
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Beam No. 01~04-1 
Date 1/22/77 


Damping Material O. Hommel R-1199 


Material Thickness 0.0147 cm Material Density 2.89 
Fixture No. 1 Beam Thickness 0.0960 cm 
Beam Density 9.13 g/cc Beam Length 21.745 cm 
Temperature Test Range: Between 565 °C and 440 °C 
Frequency Test Range: Between 14 Hz and 1,390 Hz 
Loss Factor Np? 
Peak 100 Hz ony 0.42 Temperature 485 I es 

1,000 Hz ny 0.42 Temperature 525 °C 


Range 100 Hz 505 bal © 475 2s 
1,000 Hz 545 °c 520 °c 

Complex Modulus ED"? 

Peak 100 Hz 7x 10° PAS Temperature 475 °c 
1,000 Hz 7x 10° paS Temperature 520 °c 


Range 100 Hz 495 °c 455 °c 
1,900 Hz 535 a 495 °c 


NOMOGRAPH CURVE FIT EQUATION: 


- ‘Hesae t 11399 
TogcmdeLosthi sc Broce ROR AL) C1 +(ERON/FR E85) 
8.90008 -01 1.ageees1® 1,600 S. 3900629 
SiG BREUER ccreanecx-siges-soercgnntonne7 
ETAFROL 
B3 84 5S 
425.0 a3 i -.799 8. 61. 468 
Loc tre LOGE) T2tT-T0)7(S2571-B6T-T0) 


MARKS : Beam ceated both sides 
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TABLE 4-B 
Beam No, 01-04-21 


oF fo fn f, 


I) 


LK 1050 - 92.69 ssa | 2.s2 | s2.si| 0.013 fo. 
1050 | 3 f 259.10] 266.40! 258.69 0.00312 
11050 | 4 |! 507.90} 522.20 rd TT ee OL 
1050! 5 {| e40.60| 864.40 | 837.52 
11050 |_ 6 [1 1263.60| 1:92.10 | 1260.90 | 1266.10| 11.01 |o.00863 |oooses | x | 
ooo | 1 {| 15.06 15.111 0.10 0.00662 0.00202 
1000 | 2 y ty 93.42 93.09 | 93.96 | 0.87 [0.00932 [o.oos14 
263.26 | 3.26 |0.02250 {0.01200 
1ooo | 4 513.10] 525.50 | sos.47 | 517.47] 5.01 /0.01750 {0.01720 __]| 
1ooo | _6 |] 1283.90 1282.70 | 1289.00 | 12.38 |o.00954 [0.00894 
| 9751 2 15.31 15.67 15.24 | 15.37 | 0.127 /9.00827 _|0.00377 
i975} 3 262.80| 268.75 | 258.40 | 266.09! 7.69 (0.02930 10.02870 
| 975 | 5 {| 883.80 68.13 ; 3 0.0369] 1003660 
975! 6 1303.45 | 1281.89 | 1330.49 : 0.03737 [0.03680 _ 
' 950{ 1 wll | : : 0.01493 !g01" 1 
| 3 {fl 269. . . .62 | 8.45 |o.03115  |ooz0€0 
950| 4 |] s2e.90] 528.20 | 529.32 | 536.28 | 17.04 [0.03200 {0.03170 
950| 6 || 1333.90] 1305.30 | 1324.68 1248.25 | 46.31 3 0.03390 
925} 1 jl as.ae] 25.63 | 15.24 | : 0.02580 
925| 5 872.30] 876.56 | 663.56 ; 17.50 {02010 {0.01980 


|_925| 6 || 1297.00] 1307.50 | 1285.35 | 1309.93 | 24.58 ,:.01895 [0.01840 


fee ee 


au ae 


tata el a 6 Pe BE 


« 


oF f. fA f. Af n 


Paap. [Hote Cre ee 
15.62 15.55 | 15.48 16,08| 0.594 [0.03800 p.03370 | «| 


= 900 ! j|_279.40| 270.90 | 277.09 281.77| 9.20 [0.03260 |o.03210 | x +4 
900 1 4 tf 549.00/ 531.00 | 542.80 | 554.48 | 0.02127 |o.02200 


5 i 
soo | 6 Pretest er 1366.87 | 17.70 [o.01308 [o.01270 
asc | 1 16.3 | 16.46 | 0.337 02000 [0.01620 
j2ezts | zescaa | 2.5) 


0.01010 0.00959 


929.73 | 7.98 )o.00864 [0.00834 


2:00_p.006s0_[o.0o6o0 | 00600 ar 
36-53] 15.90 | 
i] 102.50 
| 284.90 28 
[s0st0 | soe 


4 
5 ii 938.50 2 
6 1389.70 . 
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Beam No. 01-04-2 
Date 3/6/78 







Damping Material 0. Hommel R-1199 





Material Thickness 0.0191 cm Material Density 2.89 g/cc 


Fixture No. 1 Beam Thickness 0.0960 cm 
Beam Density 9.13 g/cc Beam Length 21.745 cm 
Temperature Test Range: Between 565 °C and 495 “Cc 
Frequency Test Range: Between 92.76 Hz and 1,340 Hz 


Loss Factor Np? 


Peak 100 Hz Np 0.26 Temperature 500 °C 
1,000 Hz nn, 0.26 Temperature 540 °¢ 
Range 100 Hz 530 i 480 oG 
1,000 Hz 575 ae 515 °C 

Complex Modulus En"? 

Peak 100 Hz 6.3x 10° PAS Temperature 495 °¢ 
| 1,000 Hz 6.3x 10° PAS Temperature 530 °c 
Range 100 Hz 475 “6 515% PC 
' 1,000 Hz 505 °¢ 555 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 101-@4-2 OSHommal R-1199 
Loge pshoacne) SA ete 4 ) are is peal at 


aan ag 
4S@.@ 1. geisesee 1.2277E +10 -700 «SS. oeacE+e9 
As (LOGCFER )-LOG(FROL) 7C 
at dada og se (SLO2H At (SL-SH)C1-SQRT( tees C72 
ETAFROL SH ots 


83 55 
480.0 -663 2. 1Be4E+ee 588 
LOGCFR sLoGtF Mect-tex(sasri. 8+T-TO) 


epee aA see M AS ON me A come imidarvon wrelnimnininimenenncnmnininliinAteahe iam 
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REMARKS: Beam coated both sides. At conclusion of test the 
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surface of the beam was very rough with some pulling away at 
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Beam No, _01-04~2 


oF fo f£ f. f, af Ns Xe 1dB 


n 
(sis. (Node ae ees 
| 1050 2 92.76 93.13 0.65 0.00706 0590 









P1050 |_2sa.os | 260.22 | 2.14 fo.ooezs lo.oo77o | { 
1050 | 4 505.97 5.51 _ |o.01080 la. nins0 I 
fioso | 5 |] 845.20 | 838.43 850.27 0.01370 | 
f1050 i 6 |} 1267.70 | 1292.10 | 1258.02 | 1276.81 | 18.80 0.01420 | 
1ooo | 2 [] 93.801 96.48 [| 93.22 | 94.36 {2.13 | 9.02030 _| j 
i1ooo | « I[f 517.40 { 525.50 | 512.61 | $22.88 | 16.27 p.01980 {a.a1950 | ; 
j1o00 | 4 i} sia.90 | 525.so | $10.73 | 520.29 | 9.60 p.o1s6o _fo.orgzn {| 
[1000 | 4 j! s4z.80] 525.50 | 538.62 | se6.93 | 8.10 p.o1490 0.01460 | ; 
Fio00 | 6 |} 1287.20 1270.73, 1301.90 | 31.19 _p.02420 fo. 02360 : 
} 950 } 2 !| 95.62 94.59 96.91 } 2.32 0.02430 = |n.02310 | i 

950 | 3 |] 264.30 | 270.00 | 261.71 287.23 | 5.52. 02090 |n. 02040 | :* 
{950 { 4 i[ 530.60 | 528.90 | 524.63 537.75 | 13.12 .02470 |e. 02440 | 

950 | 5 | 885.30 | 880.00 | 879.66 891.98 i 







} 950 | 6 {[1325.00 } 1305.30 | 1309.77 











i | 900} 2 Ii 99.40} 97.co | 97.45 99.53 | 2.09 b. 
, i 900 | 2 {| 98.77 | 97.00 97.90 99.94 | 2.04 p.02070 |o.orssee | | 
i { 900 ' 3 If 276.20 | 270.90 274.12 278.78 4.68 p.01693 {9.01640 | ' 
oe ; 900: 4 ff 543.50! 531.00 | 540.28 $47.11 } 6.83 .01260 0.01230 | | , 
i ; 900 + 4 jf 542.70 | 531.00 539.20 546.66 | 7.46 D.01374 {0.01340 | 
' | 900 | 5 904.20 | 878.80 | 894.61 | 905.22 | 10.60 p.01173 fo.onao [ 

' bn 
P| its 
€ 5 

4 Coes 
‘ } °F fy fn fy fp af ns Ne 148 | ; 
| 900 _| 2350.40 | 1322.90 | 1343.36 : 
: [900 | 5 {[1352.40 | 1312.90 | 1346.10 | 1358.70 3 
{i | sso | 2 | 190.59 100.19 0.87 et 
| Peso | 3 
| : | 
H 551.20 | 533.60 | se9.e1 | 552.72 


-43 


| 
] 914.50 | 983.00 | 912.08 | 926.52 | 
] 1369.90 | 1318.30 | 1367.10 | 1372.90 | 
| 


ES 


281.10 230.27 | 282.14 | 1.87 


ne1.71 |_97.95 | 101.6 | 102.02 | 
[264.10 | 273.60 | 203.74 | 264.55 | 0.02 p .00ze7 | 
F200 [ «| $56.60 | 536.00 | 555.06 | 557.48] 1.61 p.ooze | 
Fe00 | sll 923.40 | 007-50 | 922.36 | 024.64 | 2.30 lo.00250_ 


waoia 
o|so 
alo 


Ce 
~~ 
A ANP Mme 


Sites 


ee ee eee 
|925 | 2 |{ 97.35 | 96.74 | 96.26 | 98.82 | 2.57 _ {0.02640 
j925 | 3 |[ 273.40 | 270.10 | 272.73 | 275.18 | 6.78 o.02460 _| 

| 538.10 | $39.50 | 533.36 | 543.69 | 10.30 0.01920 _| 


j s2s | s_|| 293.61 | e76.30 | e85.22 | 099.05 | 14.03 _p.01570_| 
4 | 925 | 6 i] 1340.50 | 1307.50 | 1329.46 | 1342.35 | 19.38  p.ors6o_| 
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Beam No. 
Date 4/79 


Damping Material PEMCL 79 R-1016 





fe geese 


Material Thickness 0.01839 cm Material Density 2.50 


01-19-2 


Fixture No. a Beam Thickness (C.09652 cm 
Beam Density 9.13 g/cc Beam Length 21.775 cm 
Temperature Test Range: Between 760 °C and °c 
Frequency Test Range: Between 84 dz and 1,400 Hz 
Loss Factor Np? 
Peak 100 Hz Ny 0.80 Temperature 635 a 6 
1,000 Hz Ny 0.80 Temperature 650 °C 
Range 100 Hz 610 °C 670 °C 
1,000 Hz 680 eC 720 °C 
Complex Modulus En"? 
Peak 100 Hz 6.2x 10°? PAS Temperature 565 °C 
1,000 Hz 6.2x 10° PAS Temperature 620 ba & 
Range 100 Hz 540 C 600 °c 
1,000 Hz 590 a 660 aS 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL :J85-16 INITIAL TEST 
COgcn -LoccRLy+(eLoccmmon AL) wr cee sonar ar 
ML 


al a2 az Aa 
CE-O3 1.1000 +16 1.€02 2. 9OG8E+e9 


450.¢@ 18.000 
As CLOGCFR beerat OL 9)7C 
LOGCETA © LOG(ETAFROL 3¢( (SL*SH arth )€1-SORT(14+A882)))C72 
ETAFROL St SH rg c 


Be 83 85 
800 606 -600 2.2800E-€3 - 308 
LoGceR Lose F)-12¢T-Te (52571. Ber eto ) 


REMARKS : 
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TABLE 6-B 



















[Tenp.[Mode JT Ss aaa 
pet 2 sacee * 0.0670 89 
|i400{ 3 |[ 239.19] 248.00 | 238.64 | 239.86 | 1.20 [0.00502 |o.00392 | 
[i400 | 4 [470.56 07-00 | 469-38 | a71-20 | ase etree Tee 
| 1400 | 6 _|f 1264.82] 1220.00 [1160.67 | 1169.71 | 9.04 0.00776 |o.oo«es |_| 
}.1350] 2 || 85.39] 89.50 | e5.14 | 85.59 | 0.45 |0.00527 |o.00327 | _~*! 
pase} _2 1 _zei.2af_2es.00_[ 240.0 | 241.79 {1.30 fo.00sae fo.ooaas [| 
| 4 |f 473.93] 490.50 | 472.66 | 475.86 | 3.20 0.00675 [0.00607 |_| 
Hisso}_s fl zee.si}_sus.o0 | 7e0.97 | 707.28 {6.43 Jo,oonzfo-ooroy 
11350] 6 |f 1173.80] 1218.00 | 1168.68 | 1161.16 | 12.46 |o.01063 o.o1009 |! 
}1300{ 2 [[ 86.14] 90.20 | 95.03 | 86.43 | 0.60 |o.0n696 [0.00511 | +4 
1.2300] 3 || 243.49] 251.60 | 2a1.69 | 245.08 | 3.39 |o.01392 |o.o1s0 | +4 
| 2300] 4 |] 478.60] 494.00 | 475.51 | 402.41 | 6.90 [0.00871 |o.oom13 |_| 
| 1300] 5 [[ 792.16] 20.00 | 74.04 | 798.21 | 13.37 0.01688 |o.oiss. | 4 
|_6 |{ 1190.89] 1226.00 [1176.33 | 1204.52 | 28.19 [0.02366 [0.02319 | _~+| 


3300] 
azo] 2 j{ 87.15] 90.90 | es.09 | 7.00 | 1.11 Jo.o127«|e.o1ue tt] 
250] [953.30 | 243.73 | 240.61 | 4.08 p.ci9e7 o.o1soe_| 
i250 «|| 485.97] 497.50 | «79.0 | 494.49 | 14.99 p-o3084 l0-02993 1] 
1250] —s [| v1.90] 26.00 | 761.50 | o16.01_| 32-01 once Jo.oanre | 1 
i200] 2 | 88.32] 91.60 | 06.96 | 09.39 | 2-43 p.02751Jo.o2sen |] 
1200] 3 [| 250.95] 255.30 | 245.58 | 256.07 | 0-49 bois fo.01273 |] 
[i200] —« || soa.23] 01.00 | «ss.es | 515.06 ] 26-56 p-o5303 Jo.o5253 |] 



















°F f. tf, ft, ft, sf Ls Ne lds 
LS a a es Sey SE SNS METS RET 
}1200 | 5 |{ #3s.92| 931.00 | s20.29 | ae6.a9 | 26.60 |o.02182 fao30s9 [| 
piso | 2 |] s9.se] 92.30 | 98.15 | 90.42 [2.27 0.02535 [aozses [| 
[riso | « || s2s.i9] 503,50 | siz.34 | 529,87 | 25.85  Jo.0se32 |aosaes | 
jaiso | s | 74.70] 937.00 | s5s.se | see.ze | 32.70 b.03738 Jo.o3660 | 
j1150 | 6 ff 1314.90] 1251.00 [1293.12 [1349.35 | 'se.23 p.o«z76 Jo.oezas | 
jizoo | 2 if 96.00] 94.20 | 94.12 | 97.52 | 3.40 p.o3se2 [0.03397 _| 
j1100 | 3 || 277.99] 2se.00 | 274.90 [279.58 | 4.68 b.o1ses Joorszs | _—| 
jaroo | a || 539.63] so7.so_ | 533.17 | se7.00 [1.63 b.02711 Joozsse | 
h 02002 _| 


iro | sf 096.25] 802.00 | #87.80_| 905.75 [17-95 

Faroe | 6 |] a3ee. 27] 2258.00 [1334.90 [20.70 p.01539 faoisos 

Faoso | 2 Il 98.79] 93.60 | 97.73 | 95.68 | 1.01 p.01933 o.01793 

Paoso | 3 {| 20.23] 260.80_| 277.15 | 202.26 | 511 p-o1e23 p.oi7ee | 

i050 | 4 | sea.re| ~s11.00 | ses.as | 552.30 | ¢.05p-o1zasp.o1z02 | 

Ta0s0 | —s || 910.56] 847.00 | 906.72 | 911.90 | 7.18 p 00788 p.oo720 | 
p.o1sor_| 










| 1050 | 6 |{ 1361.65) 1266.00 {1356.65 |1367.20 [19.55 b.oaas | 
| 1000 | _4 || 558.37] sa4.oo | ss6.ez [ ss9.2¢ | 2.42 b.ooe33 [ [| 
| x900 | _s || 923.88| 853,00 | 921.67 | s2s.40 | 3.73 poowoe | | 


uJ 
|.1000 | 6 | 1381.33] 1274.00 [1377.83 [1383.85 | 6.02 p.oveas — 
rr S| Re Ee Se ee Se Ge 
Ee alee Ree ee ee es Eee ee ieee 


| 950] 4 |] s63.53] 517.50 | s62.27 | seaso | 2.03  Joonxeo | |_| 
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Beam No. 01~-32-2 
Date 4/18/79 


Damping Material Pemco 79 R 835 


Material Thickness 0.0185 cm Material Density 2.50 g 
Fixture No. 1 Beam Thickness 0.0958 

Beam Density 9.13 g/ec Beam Length 20.914 
Temperature Test Range: Between 480 °c and 760 
Frequency Test Range: Between 94 Hz and 1,530 Hz 
Loss Factor n 





D* 


Peak 100 Hz Np 0.85 Temperature 635 *¢ 





1,000 Hz ny, _0.85 Temperature 685 eC 
Range 100 Hz 600 °C 
1,000 Hz 645 °C 


Complex Modulus Ep"? 


Peak 100 Hz 8x 10° _PAS Temperature 
1,000 Hz 8x 10° pas Temperature 
Range 100 Hz 555 °C 615 °C 


1,000 Hz 590 2C¢ 655 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL tBEAM NO. 01-32 
a ata a a racial 


a3 
525.0 i. Brate-01 one 38006409 .625 9. 5360 +08 
A= (LOG (FR )-LOG(FROL) 
LogrEtA)-LaGcETAFROL #« (SL#SH 1A6.SL-SHIC1- SORT(1+AKKe) ) ICA 
ETAFRO SL SH FROL c 


Bi bal B4 BS 
Ses 850 .5e5 6@2 6.9989E-02 +993 
LoGtFR eLOG(F = 712(7-78)7(S25/1. 8+T-T?) 


REMARKS : 
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TABLE 7-B 







Bean No. 01~-32-2 


















*P f, f fo ER af ns Ne 1dB 
[Temp. [Mode [TT 
Faso0] 2 Il 94.6] 96.60 | sani] 90.65 | 0.04 | 0.00360 [o.oni0o |__| 
2400] 3 || 260.32] 270.20 | 269.96] 260.75 | 0.79 | 0.00289 Jo.oo1e9 | | 
[ado] 4 _||_s17.75 | 530.00 | si7.03| s1e.ss| 1-52 | 0.0073 ooze |_| 
iso] 5 |[ese.07| 070.00 | 957.90] 60.60] 3-30 | 0.003e p-00300 | 
[400] 6 lf 4283.20] 315.00 | 1201.90] 1206.10] 4.20 [0.00327 p-oozez |_| 

13502 [| 95.18] 97.30 | 95.021 95.37 0.35 0.00360 [o.coree |__| 
Passel a fesse} “azzae | areas] ses.so|o.oe_fa-canee_ pes { 

soso! “4 | sz2.33| 534.00 | szicen| $23.20 | are [o.en3eaoooae7—[ 

Taasol_s || ece.34| 005.00 | 064.21] 060.10| 3.79 | 0 00437 [0.00362 _| 
[1350] 6 || 3295.13] 1325.00 | 1292.00] 1297.40, 900048 [0.00803 
13002 | 95.98| 98.10] 95.80] 96.17] 


.00386 [0.00238 
0.00803 fo-00331__ 


}0 00518 | 0.00469 





poco 
[5.00 | Peal 
[—0.37]o eee 
aa0o] 2 If a6e.70| 274.40 | 268.20] 269.20 _1.10_| ees 
[300] «|| ~s26.s0] 530.00 | 525.27] 528.00] 2.73 [0 a 
OE a TIC TRA ORS ED CO 
is0q «| Gaoe. so aaae.00 | “Ss00-70] 1511-10 | To-00[o. 00796-00755 
[ias_2 | 96.72] 98.00 97-62 [4-37 _[ 0 -0reas fp -01503_|————~ 
[2.20] inane 
ea aa 
Eigen i 
roe 
[1 fo 
o | s.30_| aaa 
ie fe 
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are nee eres zo.20| 272.3 
| azsq_4 || _53:.86| y 534.90 | ro o1asi_p.0i106 | 
| azsol sil sero! soso | 2} — 88242} 'o.01530 borsco | 
| 12so]_6 | 1322.70] 1344.00 _| |_ 25.80 |0.01951 |p.01909 _| 
eT ere eT |__98.43 | fo .01340 [p.orze0 | 
|_1200] 3 |f 274.30] 278.40 | 271.60 [0.01932 [o.o1866 | 
eT a OTS OT ET oeziai booness | 
be fo fn fy fp aft Ns Ne 14B 
Mode {fT ERS: Gene 
r 1200] 5 || 72.00] 905.00 | 060.70] 075.60] 11.00 | 0.01390 [o.ozer | x 1] 
1200] 6 |] 2353.10] 1354.00 | 1341.00 1364.80[ 46.77 | 0.03456 |v.o3aa | x | 
Taisol—2 {| 99.73] 100.20 | 98.0] 102.53] __3.23_| 0.03230 Jo.onse_ |__| 
[3 | 282.00] 260.40 | 279.60] 286.10] 12.77 | 0.04515 |o.oeasi_|* 
[af sen so 5.80 | ses. so] — s7e.s0 [29.90 [ ovess50 Joneses | 
[~s_ || 929.40[ a11.00 [920.60] 940.50] 19.90 | 0.02iat Jo.o70 |_| 
|_6 [I 1405.40] 1363.00 | 1391.50] 1418.80] 53.60 | 0.03814 |0.03769 x 
[2 |" 103.90[ 100.90 | 101.96] 106.30] 4.34] 0.08177 fo.oana [| 
oo] 3 || 293.60] 282.20 | 289.10] 297.00| 7.90 | 0.02690 |o.oz6ze | 
[4 [03.30] 553.00 | 575.90] 502.90 | 17.00 | 0.02914 [o.0287 | 
[~s [[960.90] 917.00 | 944.50] 971.80] 27.00 | 0.02010 [0.02746 | 
[6 _|iaes.70] 1372.00 | 1419.10] 1405.90| 66.80 | 0.04620 |o.04575 | 
ESiied oe Jl aot el aoesseck escoal-cuoecec [= eaerT| w oese ives 
[aro] 3 | 293.90] 028.20 | 280.70] 297.60 | @.90 | ¢.03028 |o.02968 1 
[ai00 «|| sea.90] 553.00 | 579.10] 593.90| 14.60 0.02530 |o,0z050 | 
[siod—s_|[~963.90[ 91700 | 950.40] 973.60] 23.20 | 0.02406 |o-02339_| 
| _roso| 2 |{ 07.24] 102.50 [106.10] 109.60 | 3.50 | 0.03263 |o.osz08 |  —_— 
[soso] “3 | a9e.40] 20.00 [295.00] 02.00 | 7.00 [oasis p-02554 | 
[2080] «|| _s94.00| 557.00 | ses.97| 597.95 | 7.98 | 0.01343 [0.01303] 
[x0sq] 5 || 981.00] 923.00 | 975.10] 986.20 pies |__| 
F105q] € || 1485.20] ‘301.00 | 1472.60] 1496.00 | 24,20] 0.01628 fo.o1se1 |] 
Pipes ame aero] “sar [on perf 
[tos 3 |] 302.50] 264-00 [300.00] s0e-eo | —¥.60_[ o.01887 fo-01s27 [| ] 





89 






















































































































































































































































































































































































| 
| 


ine om ers ements 











TABLE 7-B (Concluded) 


Beam No. 03-32-2 




















*F f f, tL fa af Ts Qe 1dB 

[Temps [Mode [i 322 ee ee 
[soso] «|| 305.70 | 357.00 | so1.70] soo00 | 7.30 [ois bones [| 
i050 [5 If 903.30 | 923.00 | 967-60] ae. 40 | 9-00 | 0.00097 poo | 
1000| 2 || 109.50 | 102.10 | 109.00] 120.20 | 1. arse 
i000 [3 [306.90 | 295.60 | 306.00] 308.00 “00652 | | ____ 
i000] «| 604.00 | 560.00 | 602.20] 650.60 | 0.0053 | | + 
[i000] ~s | 997.00 | 920.00 | 994.40] 999.30 | 0.000s1_| |_| 
[i000] “6 [2508.70 | 389.00 | ascs.i0] asis.70 | 11.0 [0.0078 |_| 
[sso] 2 | 130.80] 102.70 | ivo.i7| 111.20 [ 1.03 [o.osz | _—+| 
[980] 3 [| si0.40 | 207.20 | 09.20] 310.90 | 3.10 [o.oosa | | id 
[380 | 4 [609.80 | —s63.00_| 08.60] et0.90 | 2.30 [0.0077 |_| +d 
[aae| offanencae | snscoo-f nosso noeseo-| ano ecooare[ J 
[950 [ 6 [[ 1525.00 | 1397.00_[isz0.30 | asze.30 | #.00__[o.o0s7s [| 
[s00| 2 || ase | tos. 20 aras | aaa [ie oon 
[soo] 3 _||_aiz.60 | 200.00 | mi2.30| ma.10 | 0.80 [o.o0zs6 | |__| 
[soo] «|| 614.90] 566.00 | 613.90[ e1s.70 | 1-00 [0.00292 | |_| 
[s00fs [| 2014.60] 938.00_| io13.70] sois.80 | 2.10 [0.00207 |_| + 
[300] 6 | 1530.10 | 1404.00” | “aszy.20 | 1534.50) 7-30 [o.o077 |_| __| 
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Beam No. 01-37-1 
Date 6/5/78 


Damping Material 0. Hommel 7007 
Pen an ao ES SS SET 






































Se ot ee a a te es ee 
Material Thickness 0.0178 cm Material Density 2-74 g/cc 
ixture No. i Beam Thickness 0.0945 cm 

Beam Density 9.13 g/cc Beam Length 20.904 cm 
Temperature Test Range: Between 675 °C and 425 ss 8 

Frequency Test Range: Between 95 Hz and 1,525 yz 
Less Pactor Tp? 
Peak 100 Hz Ap 0.52 Temperature 530 °C 
1,000 Hz Ap 0.52 Temperature 570 2¢ 
Rance iC0 Ez oes, °C 560 2c 
1,000 Hz 560 2C 600 °C 
Comelex Modulus Ep"? 
Peak 100 Hz 9.7x 10° PAS Temperature 520 7c 
1,000 Hz 9.7 10° PAS Temperature 550 °c 
Rance 190 Hz 495 °C 530 °c 
2,000 Hz 520 ns & 565 =C 








NCMOGRAPH CURVE FIT EQUATION: 

ATERTAL :@1-37-4C (O“HOMMEL 7007; 

LOG) *LOG CAL 141 2LOGCMROM/ML } 37014 (FROME R DEEN) 
Te FROM MROM N AL 


al Re A3 Ad 
480.0 7T.8080E-01 8.5808E+09 -60@ 1.3080E+09 
A=tLOGCFRI-LOG(ERCL) I7C€ 
LOGCETA)SLOGCETAFROL D4 6 (SL4+SH JA4 (SL-SH Di 1-SORT C1 4AEIS DIC 72 
Te ETAEROL gt SH FRCL c 


~ 83 84 BS 
482.3 -S2e «468 -~.5@2@ 2.0068E+08 -558 
LOGCFR D@LGGCF 3-12¢T-T0)-(€5ES/1.84T-T0; 
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TABLE 8-B 












Beam No. 01-37-1 


o> € € £ 4 
fo en fr R 4 


ee Saas SSE SE i 

uso] 2 | e6.91 |__ 99.30 
| 3 | 271.69 | 277.60 | 271.31 | 272.131 0.82 _lo.o0302 

fs _|[_s33.97 [| 535.00 | 532.99 | 535.29| 2.30 lo.coss: | Ss} 

rs | “3s —eeae eee 


1 ee dha mans. 
we po 
fod 
wy 

Oo 1 










903.10 | 882.20 
} 1250} 6 112327.10 | 1350.65 
ii00| 2 {| 97.63 | 99.80 | 97.42 | 


1100 $38.21 | 547.80 536.52 


1100} 5 {} 898.59 914.40 893.66 
1358.90 | 1328.00 


1]1340.00 
100.60 97.93 
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1055 | 3 277.18 | 281.30 | 273.52 1 

546.69 | 550.80 5.67 00854 i 
1055! 5 I] 905.14 | 913.40 | 395.02 417.76 | 15.73 b.oz1a1 | of 

1055 | i[1368.00 | 1363.45 | 133¢.00 | 1389.00 | 31.00 03728 | | 
1900 | Ty01.0: | 102.29 99.24 102.98 | 3.7 p.o3703 | 
: 284.54 | 283.56 279.94 290.13 j -63901 j 


6 
2 
3 il b.G i 

4_if se6.aa | 554.40 
5 {| 937.30 | 921.80 7 | 16.29 .01720 ! { 

1417.00 | 1379.co | 1387.00 | | $1. .0359 i 
| oso} 2 jf] 105.27 [| 101.88 107.61 | 3.31 ‘5.03098 
950] 3 || 296.61 | 2e3.380 | 291.88 300.81 | 8.93 b.osorr [| Ff | 
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[Tezp.[Mode [[ 
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Beam No. 01-37-2 


Date _6/5/78 


Dam, ..1g Material O. Hommel 7007 


Material Thickness 0.0178 cm Material Density 2.74 
Fixture No. 1 Beam Thickness 0.0945 
Beam Density 9.13 g/cc Beam Length 20.904 
Temperature Test Range: Between 675 °C and 425 
Frequency Test Range: Between 95 Hz and 1,525 
Loss Factor Np? 
Peak 100 Hz ony 0.40 Temperature 515 °C 
1,000 Hz ony 0.40 Temperature 545 °C 
Range 100 Hz 505 %¢ 530 oc 
1,000 Hz 530 °C 570 "6 
Complex Modulus Ep"? 
Peak 100 Hz 1.2x10'° pas Temperature 
1,000 Hz 1.2x10'° pas Temperature 
Range 100 Hz 480 i 535 2c 
1,000 Hz 505 °C 590 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 201-37-4C(O’HOMMEL 
liao a oar 


ae A3 
@.0 6. seeesee ok 2000E+10 -625 1. 3000E+10 
ae (LOGtER)® LOG(FROT,) 
LogcETAD=L OGCETAFROL )o« SLoSH IA6 (SL~SH)(1- SPOR ISB ARED IIGLE 
TO ETAFROL FROL 


B4 5s 
388 ~630 -380 2.5008E+80 - 328 
LoatFRieLoG¢R = 12(T-76)7(52571. 8+T-TO) 


Retest of 01-37-1 





















































































































































































































































































































































TABLE 9-B 


Beam No. _01-37-2_ 
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ae Ser 
er ees Ree eT eae 
73.90 sso} mas + ast are Looe [| 
37.46 | 547.80 | 535.80 | 539.34 | 3.54  |o.o06s9 |_| 
92.02 | 914.40 | 987.91 | 996.25| 8.34 [0.00935 | _—~*| 


i ew | 
0.00390 | | 
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eter 


98.45 | 100.60 98.86 | 0.80 | 0.00813 
276.86 | 281.30 | 274.89 278.56 | 3.67 [0.01326 | 
544.08 | 550.80 | 539.84 | 549.85 | 10.01  |0.01840 


Sena STD ERAN® SempT SHR. eens Se 


aa 
aw 
890.97 | 916.00 | 25.93 [o.02772, | S| 
00.27 98.46 | 101.54 | 3.08 [0.03072 | —_—_—is 
82.48 276.91 | 286.20] 9.29 0.03289 | _—s 
61.21 | 554.40 | s49.98 | 569.76 | 19.78 |o.03525 | _| 
934.69 | 921.80 [ 901.55 | 951.52 | 49.97 _|o.ossae | _—| 
: ioe 

aes 

Pose oo 

| 

ae 

i 





04.94 102.07 
93.41 | 284.88 
83.82 | 563.80 | 575.59 | 593.61 | 18.02  10.03087 
|_926.50 | 956.81 | 983.e7 | 27.06 
08.80 | 102.50_| 107.45 | 109-69 | 2.48 [0.02741 
303.48 
599.87 | 560.70 | 535.49 [ 604.12 
| 931.90 | 989.14 | 2001.82 | 22.68 [o.orz7a [| 
111,08 | 103.00 | 120.53 | iir.5¢ | 1.06 fo.oossa [| 
soaar | ae se ee ee 
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| 636.08 : 
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U 
| ; 
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I 
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G .00447 
0.00698 


[320.97 | 294.60" | 320.61 | aan | 0-60 p-oo709 
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Beam No. 01~-38-1 
Date 10/12/78 






























Damping Material National Bureau of Standards 418 


a cp 





Material Thickness 0.0259 cm Material Density 2.4 g/cc 
Fixture No. 1 Beam Thickness 0.0945 cm 
Beam Density 9.13 g/cc Beam Length 20.867 cm 
Temperature Test Range: Between 870 °C and 650 °C 
Frequency Test Range: Between 90 Hz and 1,455 Hz 
Loss Factor Np? 
Peak 100 Hz ony 0.40 Temperature 495 °C 

1,000 Hz ny __0-40 Temperature 860 id 
Range 100 Hz 750 °c 840 ec 

1,000 Hz 810 °C °C 
Complex Modulus Ep"? 
Peak 100 Hz 7x 10° PAS Temperature 760 °C 

1,000 Hz 7x 10° PAS Temperature 810 of 
Range 100 Hz 230 °c 790 °C 

1,000 Hz 780 °C 850 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL :01-38-418 NBS 418 GLAS 
Seger abe) Satta 


Al Ae a3 
656.0 1.4901E- ors ya? I7S2E+10 1.089 5.e808e+e9 
A= (LOG(FRI-LOGCFROL 
LogrEtar=LogcETAPROL Jo cSL#SH »A6(SL-SH) 1-SORTCA¢AREE) 92672 


i 83 B4 BS 
650.0 480 -500 +600 1,300@E-62 -880 
LOGCFR eLOGCF )- 12(7-78)/(52571. 8+T-TO) 
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[307-32 [524.33 | 47-00 [0.0330 | 
[a67.a5 |_aa7-71_[ 19.76 [o.0050 | 
[266-93 | 1301.23 | 34.40 _[o.0521 | 
[546-56 | [26.30 


ae 

202.48 
| 564.12 | 542.04 | 22.10 [0.0400 ___| 
| 32.22 | 
[1392.55 | 1379.21 | 13.34 [0.00962 _| 





[34.00 | 560.20 | 557.08 | 10.40 [o.o0s 
943.90 086.00 {944.75 | 942.49 | 2.38 Jo.0025 | 


ee ae 
[99.00 [_t02-20 | i030 | 
568.60 $37.60 | 566.22 | 571.50 | 


|_292.38 | 239.32 [3.06  |o.o105 _—| 

570.40 | $37.60 _| : 

945.16 

|1327.50_| 1419.32 | 1412.44 _| 

1oo.00_[ 105.46 | 100.75 | 0. 

| 294.77 | 293.41 _| 

| 576.30[ $42.00 | 577.83 | 574.74 | 

| 899.00 [| 957.76 | 955.12 | 

| 1430.60 [1427.30 _| 
| 106.35 | 


572.98 567.95 


ct oe rem sternal 
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i Hh i ysl 


Peete 
582.94 | 580.44 | 
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[1347.50 | 1442.80 [1449.10 | 
| 106.94 | 

|_299.17 | 





[259-38] 261 00 | 299-61] “3a9, 
$50.00 587,48 2.43 00414 
| 973.24 | 972. 





















TABLE 10-B 









Beam No. 01-3821 








[9.31 |o.o2i6 | 










[93.c4 | 91.90 | 1.0 [0.019 
380.94 


909.98 | 876.01 | 33.98 |o.0302 | 


} 
0.0340 
105.43 | 103.97 | 1.46 ]o.0272 | 





fn af n 





jo.00929 | 
. 0.00929 
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|_i0s.25 | 103.40 [1-85 
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o.ooren | 


71 Jo-00676 | 


0.000276 
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Beam No. 01-39-1 
Date 9/1/78 





























Damping Material O. Hommel 7007 
Meterial Thickness 0.0249 cm Material Densitv 5.23 g/cc 
Pixture No. i Beam Thickness 0.0942 cm 
Beam Density 9.13 g/cc Beam Length 20.853 cm 
Temperature Test Range: Between 595 °C and 370 °C 
Prequency Test Range: Between 1,000 Hz and 1,100 Az 
Loss Pactor Rp? 
> bf + i nn * 
Peak 100 Hz 1p 0.28 Temperature 543 °C 
1,000 Hz Np 0.28 Temperature 595 ig 
{ Rance 100 Ez 525 a 570 oc 
i 1,000 Hz 570 oC 620 Tel 
i Compiex Modulus ED”? 
i 
3 ale eae = S oe \ foc 
Peak 100 Hz 5.2% 10° PAS Temperature 335 oC 
\ 1,000 Hz 5.2% 10° pas Temperature 580 oC 
Range 100 Ez 505 Bg 560 Cc 
1,900 Hz 540 °C 619 °¢€ 
7 NCMOGRASH CURVE FIP EQUATION: 
4 
te MATERIAL 201-39-2-OGHONPEL 7637 
LOGUM } -LOGCAL 3+<2LOG (ARCANE 27614 (FRGM/ER TEEN; 
3 FROR FROM N AL 
; Al A2 43 a4 
i 450.0 4.6@00E-01 2.7038E410 .746 1.10€8E+20 
e Ae LOG(FRI-LOGSFROL) 975 
{ LCGCETA}*LOGCETAFROL )+ ( (SL4SH IAG (SL-SH)(1-SQRT( 2 4AES2 CVE 
i] TO ETAFROL = § SH FROL ¢ 
} Bi Be B3 B4 BS 
! 4$e.0  .289  .75@ -.658 s@.aeedf-e2 -S5e0 
: LOGCFR *LOGCF )-12<T-T@ 37152571 .8¢7-T3) 


my, a 





nam al 


PEMARKS: Prior to testina, was thermal soaked for 126 hours 


ee iM Huth 
on soem 


at 600°C. 
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TABLE 11-B 





00807 


Tt 












SM ANN aT 


NUTT 








* 4 5 
S bs = ive 


0.0153 
5.9236 


}9.0112 | 
|o.o102 | 
0.0357 
6.0156 


3 8 ie - 
Om) 
al ais aS : wale 4 
bd fied od = 5 § aan aiaie 8 
° ° died ed ° 
a a 6 al ofe 9 









1.10 
4.73 









274.85 


bo 





1556.80 


| 960.38 | 976.78 





1461.70 








283.00 

60 
1000.60 | 937.00 [1009.80 | 
}1499.30| = fnasz.o6 | 


Ee COS ND ST NE ND 
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Beam No. 01-40-) 
Date 8/14/78 


Damping Material Corning 7570 





Material Thickness 0.0249 cm Material Density 5.42 g/cc 
Fixture No. 1 Beam Thickness 0.0945 cm 
Beam Density 9.15 g/cc Beam Length 20.904 cm 
Temperature Test Range: Between 540 °C and 400 °C 
Frequency Test Range: Between 95 Hz and 1,450 Hz 


Loss Factor Np? 





Peak 100 Hz ony 0.40 ~~ Temperature 465 ag 
1,000 Hz ny 0.40 Temperature 480 oC 
Range 100 Hz 450 aC 480 °C 
1,000 Hz 470 *¢ 500 °C 
Complex Modulus En"? 
Peak 100 Hz 6.2x 10° PAS Temperature 465 ot 6 
1,000 Hz 6.2x 10° PAS Temperature 480 eC 
Range 100 Hz 440 °C 475 °C 


1,000 Hz 460 eC 495 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 3901-40-02 (CORNING 7570) 
LOG CR) @LOG CAL 2+ (2LOG CMROMZAL ) 7 (14+ (FROMZFR EEN) 
Te FROM BROM N ML 


Ai ae a3 a4 
490.0 1.5@90@E+03 1.5051E+10 -$3@ 6.2116€+89 
Ae (LOG(FRI-LOG(FROL) )/“C 
LOGCETA = LOGCETAFROL )+( (SL+5H At (SL-SH)(1-SQRT(14QKZ2) IC “2 
Te ETAFROL SL SH FROL c 


ke B4 BS 
498.0 ~ 480 2368 ==. 408 = 1. 30@CE+03 - 300 
LOGCFR )eLOG(F )-12¢(T-T@ 7052571 .8+T-T@) 


REMARKS : 
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01-40-1 
*F £2 »., Site f. f. af Ne Ne 


ea 
|_95.51| 100.62 | 95.60 | 0.16 [o.oorss | | 


1dB 





110 
110 
110 
1100 


281.70 | 267.78 | 268.12 | 0.36 | 0.00125 _| 
| 525.90] 552.10 | 525.54 | 526.26 0.71 | 0.00136 
| 872.30| 912.60 | 871.70 | 872.84 1.15 | 0 20152 
96.09 | 96.27 | 0.18 | 0.00186 _| 
0.39 
| 555.90 | 529.03 0.78 | 0.00147 


eee 

1312.16 [1314.20 | 2.07 |oooise | 
96.72 Lees [ten pense | 
|_271.60 | 271.34 | 271.84 | 0.50 |ooores | | 
Vee | 
= 

pee 


100 





eo 
icant 
oy 
ay 
Peal 
ecre S 

ad 

aes 

as 

a 

eae 

erate 


100 
100 


elle leblel eel 


x 

G 

3 

ole So ol1olo ¥ 
SE SS SS SS Se SS SD SNS SS aay Se See SE See Sees ee 






: 


[322.0] i381, 
100.30 P9i.60 [3.00]. 
[352.00 | 534.10 







F000 «| [s33.30 | 02.30_| [1-20 [0.00330 |_| 
1000 {s || 916.00] —e3.80 | 82.10 | 805.60 | 3.70 [o.onez0 | 
Sy ET OSs Pale EE 

Facer] A Oa EST BETO BEES aC ee 
[950] 5 [| 892.90] 929.98 | 205.92 | 099-00 | 19.10 [o.oua7o |__| 
[950] 6 |] 2338.0] i3e9.20"[ 1925.91 [ises.16 | 19.25 [onan | 





R af n 





ye Ea =a 
ae fase {staan faa | 
98.57 
547.30] 566.20 | 539.86 [ ss4.s3 [| 14.67 | 0.02680_| 
912.98] 935.90 | 905.75 | 919.22 | 13.50 | 0.02880 
1373.10 1396.37 40.60 | 0.07960 
TT eS Ce Be eC 
290.00| 288.20 | 261.10 | 201.99 | 10.29 |.0.03740_| 
s69.30| s6e.so | sez.oo | 574.80 | 12.80 | 0.02250_| 
943,00 | 947.20 | 938.40 | 953.90 | 15.50 [0.91630 _| 

| 11.62 | 

| 16.40 | 





$68.10| $69.20 | $62.94 | 574.20 | 
[940.70 | 937.63 | 954.02 | 
1405.30 | 1409.44 | 1428.39 18.80 [0.01330 | 
|_106.00 | 195.40 [107.30 | 1-90 [0.02790 _| 
[296.20 [295-00 | 298.20 | 0.80 | 0.00680_| 
roe 


AS ES SD ES ARS SS SR GND RS Se SS me 





| 948.00] 964.10 966.00 0.00390 

295.80] 292 04 [ 294.79 | 797.04 2.25 [0.00759 
572.30 | $78.74 | 582.12 3.38 

946.00 | 966.02 0.00455 


117 


580.40 
963.80 
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Beam No. G1-41-1 
Date 9/22/78 





Damping Material Corning 8463 








Material Thickness 0.0188 cm Material Density 6.22 g/cc 
e | Fixture No. 1 Beam Thickness 0.0945 cm 
- | Beam Density 9.13 g/cc Beam Length 20.904 cm 
4 Temperature Test Range: Between 595 °C and 345 °C 
_ Frequency Test Range: Between 95 Hz and 1,455 Hz 
| Loss Factor Np? 
= Peak 100 Hz Np 0.32 Temperature 520 °c 
4 | 1,000 Hz Ny 0.32 Temperature 560 °c 

Range 100 Hz 490 °c 560 °c 

1,000 Hz 520 °C 610 °c 


Complex Modulus Ep"? 
Peak 100 Hz 7.2x 10° PAS Temperature 490 *¢ 
1,000 Hz 7.2x 10° PAS Temperature 530 °C 


HI ni} 
TS RT 





Range 100 Hz 470 °C 520 °c 
1,000 Hz 500 °C 360 *C 





NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 201-41-8463-1 (CORNING 8463) 
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Beam No. 01-42-1 
Date 9/19/78 


Damping Material — Corning 7556 : 





Material Thickness 0.0168 cm Material Density 4.68 g/ce 








Fixture No. 1 Beam Thickness 0.0945 cm 
Beam Density 9.13 g/ec Beam Length 20.904 em 
Temperature Test Range: Between 565 °C and 300 °C 
Frequency Test Range: Between 98 Hz and 1,480 Hz 
Loss Factor Np? 
Peak 100 Hz Np 0.40 Temperature 510 2¢ 
1,000 Hz ny, 0.40 Temperature 550 2c 
Range 100 Hz 485 *¢ 550 °C 
1,000 Hz 970 agi ©: 585 °C 
Complex Modulus Ep"? 
Peak 100 Hz 6.2x 10° PAS Temperature 495 %¢ 
1,000 Hz 6.2x 10° PAS Temperature 520 2c : 
Range 100 Hz 475 °C 515 °C ¥ 
1,000 Hz 500 °C 545 °C | 
i 
NOMOGRAPH CURVE FIT EQUATION: i 


MATERIAL 201-42-75S56-1 (CORNING 7556) 
BR ry RO ETTE De Cobos CARO BLD 2A CONS CRON AC RISEN) 
Te MROM N Hy 





Re a3 
$00.0 3. geaGE+o1 1.4992E+10 -578 4. 28SSE+09 
Ae (LOG(FRI-LOG(FROL) )7C 


LogcEtAy<LOGCETAFROL 91 cSL#SH aK(SL- “Bete SORT(14AKZ2)) C72 
Te ETAFROL SL SH ROL c 


os Be B ia BS 
506.0 380 350 450 2.2000E+@1 1.100 
LOG(FR)*LOGi #)- 12(7-0)7(52571.8¢T= T@) 
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TABLE 14-B 
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TABLE 14-B (Continued) 


Beam No, __O1-42-1__ 













° 
F ft, f fy Ep af Ns Ne 1dB 
Geese Cap eeE ee el 
| 291.41 | 289.40_| | 292.93 | aaa 
572.40 878 ti ae 
952.91 






49.82 942.90 
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| 909 _| 1419.12 
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Le 570.36 $81.13 | 577.22 3.90 : 
250 [5 [960.10 2.79 
|_950 | 
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106.10 
297.35 | 291.91 | 296.99 | 297.82 | 0.84 {9.0028 
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Beam No. 01-43-1 
Date 10/31/79 


Damping Material Borosilicate + 5% Na20 + 2% Co203 


a 





Material Thickness 0.C196 cm Material Density 2.23 g/ce 
Fixture No. 1 Beam Thickness 0.0953 cm 
Beam Density 9.13 g/cc Beam Length 20.904 cm 
Temperature Test Range: Between 900 °C and 540 °¢ 
Frequency Test Range: Between 93 Hz and = 1,472 Hz 


Loss Factor Ny? 


Peak 100 Hz ony 0.55 Temperature 620 2c 
1,000 Hz ny 0.55 Temperature 675 id 
Range 100 Hz 550 °c 655 °C 
1,000 Hz 630 ba 715 °C 
Complex Modulus Ep"? 
Peak 100 Hz 6.6 10° PAS Temperature 565 i 
1,000 Hz 6.6* 10° PAS Temperature 615 aC 
Range 100 Hz 550 °c 610 2c 
1,000 Hz 570 2¢ 670 °¢ 





NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 201-43-BS BOROSILICATE *#2%C0203 +S%NaZ0 NO HEAT TREAT 
LOG CN) *LOG(AL )¢(2LOG CMRORM/AL } 7024+ (FROMZFR BEN) 
Te FRON MROR N AL 


ai he A3 a4 
S0e.0 7.0000E-@2 1.0500E+190 -674 2.8800E+9S 
Ae (CLOG CER I-LOGCFROL DC 
LOGCETA }©LOGCETAFROL 34 ( (SL4SH A+ (SL-SH)(1-SORTCI4ARZ2 >) ICA 
Te ETAFROL SL 3 F ae a 


S$ee.9 -537 -900 -.5@@ 1. ~d2 -870 
LOGCER )*LOGCF 9-220 T-T8)7 (52571 .8+T-TO) 
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TABLE 15-B (Concluded) 


Beam No. _01-43-1 
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Beam No. O1l-44~1 


Date LL/ 6/79 
Damping Material Borosilicate + 5% Na,0 + 2% C0203 





Material Thickness 0.0193 cm Material Density 2.23 g/cc 
Fixture No. 1 Beam Thickness 0.0960 cm 
Beam Density 9.13 g/cc Beam Length 20.899 cm 
Temperature Test Range: Between 760 °C and 480 aC 
Frequency Test Range: Between 90 Hz and 1,500 Hz 
Loss Factor np: 
Peak 100 Hz Np 0.90 Temperature 650 °C 

1,000 Hz Np 0.90 Temperature 696 2C 
Range 100 Hz 610 — °C 680 °C 

1,000 Hz 630 °¢€ 745 eC 
Complex Modulus Ep"? 
Peak 100 Hz 7.6x 10° PAS Temperature 590 ec 

1,000 Hz 7.6x 10° PAS Temperature 630 Cc 


Range 100 Hz 555 °C 610 °C 
1,000 Hz 590 °C 660 °C 


NOMOGRAPH CURVE FIT EQUATION: 


AL 1BOROSILICATE + 2% C0203 + acd 
Tac EA hig 712 ae Fan 


ined 


Re 
geoE-e2 S.9808E+09 3600 S. SOoeE+e8 


R)- 7c 
SsGEEBC A GLPEERE23 CE ovegy ne cst-guz-sanr ponte 002 
ETAFROL SL SH ROL c 


oa BS 
$00.0 450 See a. oer ~b2e +508 
Loctre jeLogcF }= eact-tei7 (S25-1. 8+T-TS 


REMARKS: Beam was cured in Lindburg furnace for 120 hours at 
515°C prior to testing. 
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TABLE 16-B 


Beam No. 01-44-1 
oF fo f f £ af Ns Ne 1dpB 


n 
Tony. [Node eueerex ences ees 
1500 | 2 || 98.50 |_ 95.4 va.28 | 08.02 | o.ca | .oogaa |.ooazo | 
267.10 j 


276.58 
897.72 5.59 90615 -90508 as 
1340.29 9.08 . 00680 00604 







541.64| 524.00 _| 


894.97 869.70 





1326.10 | 1300.00 
90,48 99.75 0.57 00573. |.00290 








278.60 269.15 277.86 279.38 1.52 |.00546 _|.00402 
546.32 | 528.00 544.42 548.34 3.92 [00718 _|.00630 
[200.23 

Scar 


zm 
ao 
1400 
| 3400 | 3 | 
4 | 

P38) 


-01180 


00097 






iil U 


TEAR AER RNA MRT 







551.28 548.08 | 554.96 


26 


991.13 903.00 | 919 
0.53 $1319.90 | 1349.72 ; 

94.57 
[2.03 |.00389 [00322 
1319.90 {1292.04 [1298.00 


1319.90 | 1291.93 .00491 
| 101.16 | 97.55 00818 


forsee 









MRR Ano A eR MRR RHINE MO 


















1300 288.04 7275.02 283,76 291.75 7.99 
571,58 $40.20 $62.02 $85.00 22.98 


1434.44 | 1339.20 1420.76 


94437 


~ _ 
we w 
> i) 
o ° 


SBEERESEE 


027748 |.02695 | 


52.03 03585 


oF fo f, fF fR af Ns Ne 1dB 

| Temp. [Mode ee eee 

uso | 2 2+ ——| Ea Eee 

1350 | 4 |] 525.33 | $36.00 $23.37 | 527.32 

1350 | 6 {/ 1306.91 1300.70 [1313.37 [12.67 |.o0%89 =| 

95.64 95.47 0.33 £00345 

1350 | 6 || 1306.82 1302.18 100751 4.00706 

1300 | 2 | 102.29] 98.25 | 101.16 2.13 91935 
.02695 
03971 
.00309 





96.31 98.25 


275.20 269.31 


00156 


906429 


12.71 £01443 

































1300 | 895.20 874.43 pz 

1300 1322.66 | 1339.20 1312.29 

1260 103.66 | 90.90 107.63 | 104,72 4.49 03908 O37RR 

1280 | 297,15 277,18 793,97 299,23 1a,16 .O3I9E 293397 

1250] 4 5RR 76 saa.oo [ savsa | sorvies [ool forse | ovai? 
143 


ee ee ee — 















































w 
4 
‘ 
4 
we 
4 
t 
1 





Hu 








ag 


7 
eto 


| 


' 
| 


i 
= 


ow nage ee ee 
















































































































































































TABLE 16-B (Continued) 















Beam No. O1-44-1 
1dB 
°F f. fh fh fp af Ng Ne 
[Sas a a I RRS Sa Come! Reon 
977,40] 901.50 | 963.90 
| 1463.65| 1348.80 | 1450.14 02030 
97.11] 98.90 96.51 90937 |.o0s17,_ | 


| 272.77| 277.18 

|_536,81| 544.00 

| 892.26] 901.50 
1348.80 1351.52 | 23.88 02782 


| 1340, 59 | 
[arse] sce [-tonses"[ 109.30 | ase [00209 —| 

| 302.55] 279.12 306.20 | 7.29 | .02409 
|_993.55 | 





97.90] 98.66] 97-71 | 90.67 | 1.06 [ner _| 
776-86] 279.12 | 27.01 | 770.75 | 5.98 |.oni60 | 
eat a 


[sae.05 [547.63 [540.05 | 554.66 _| 





02672 |.02628 
910.57] 907.75 905.07 | 973.22 | 18.15 701993 |.01925 | 
1351.66 | 1358.20 | 1337.44 | 1361.16 | 23.72 91758 _|.01713 


: 

J iio.2 | 00.30 109.65 | nnn.es {2.04 __aoaaey_Loires 
| ; _91056 

| 

| 
I 


1502.12 | 1367.50 1497.81 | 1596.90 | 9.09 [.00605 [00562 
285.11] 281.15 281.44 288,24 





-02385 

























1017.86 | 919.60 F1020.02 {| 4.57 .00382 
1376.40 | 1513.61 | 1519.51 5.90 00389 (1.00344 


103.60 | 105.00 | 1.40 | .01245 
292.76 | 298.48 | 5.73 |.03780 
| 572.35 | $88.57 | 16.17 | .02790 
| 957.04 | 968.72 | 11.6R | .07360 
1376.40 
101.30 {112.60 [ 113.12 | 0.52 | 
204.70 | 314.44 [| 315.51 | 1.97 


°F f, ft f fe sf Ns No 1dB 

| EG SIGE ae eee Ene pe 
|_ss9.s6 | ssi.co_| 551.46 | 570.70 | 19.34 | j.o3396 | 
|_933.08 | 913,60 | 910.48 | 952.48 | j.oaa3¢ of 
02850 
Panter [ 00.95] tine [ 112.25 [0.02 | 00733 | oe 

312.07 | 282.90 | 312.90 | 1.61  |.00516 f.ooacs | 
| 1017.86 | | 1015.45 _| een 
| 
| 
| 





aM ay a a Bw aL 


91870 
10405 











| 314.96 | 90280 

| 620.55 | 2.33 .09375 
1026.77 | 925.20 3.02 90294 
1529.70 | 1384.60 1327.38 4.18 +00273 










106.60 101.30 


197.55 1.76 .03245 


ts 





284.70 ; } 2.68  |.01744 
$89.62 | $58.59 | 585.75 01453 [01413 


9P1.20 
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TABLE 16-B (Concluded) 


Beam No. 01-44-1 
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Beam No. 01-44-2 
Date 3/79 


Damping Material 75.4% Si0j + 12.75% Na,0 + 10.75% CaO + 3% 


Al 903 + 23 C0203 
Material Thickness 0.0221 cm Material Density 2.51 g/cc 


Fixture No. 1 Beam Thickness 0.0960 cm 
Beam Density _ 9.13 g/cc Beam Length 20.889 cm 
Temperature Test Range: Between 815 °C and 540 2 
Frequency Test Range: Between 95 Hz and 1,550 Hz 


Loss Factor Np? 


Peak 100 Hz Ny 0.25 Temperature 675 °C 
1,000 Hz Ny 0.25 Temperature 700 °C 
Range 100 Hz 650 °c 700 °C 
1,000 Hz = 700°C 730 ge 
Complex Modulus Ep"? 
Peak 100 Hz 8.3x 10° PAS Temperature 650 °c 
1,000 Hz 8.3x 10° PAS Temperature 700 aS 
Range 100 Hz 640 °C 675 °c 
1,000 Hz 665 °C 730 ec 


NOMOGRAPH CURVE FiT EQUATION: 
MATERIAL 2385-12 
LOG (M LOG (ML 14 (2LOG CMROM/ML ) 7014 (FROMZFR EIN 
Te FROM MROM N mL 


Ai a3 Re 
610.0 6.00@8E-01 3.19C0E+10 -55@ 1.7309E+10 
A= (LOGCFR)-LOGCFROL ) 7CE 
LOGCETA ) sLOGCETAFROL )+( (SL+SH A+ (SL-SH)(1-SORT(14ABT2)) C72 
Te ETAFROL SL SH FROL ¢ 


Be B4 BS 
610.98 258 2483 = -.358 6.0000€-01 388 
LOG(FR )*LOGCF 9-121 T-TO 7 (52571 .84T-TO) 


REMARKS: 385-12, test 1. Beam was retested 01-44-3. 
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TABLE 17-B 





































Fe 01-44-2 
2 £. ty 5, to ef ns Re 122 
Tene. [ode i 1 H I J 
[1500 | 2 fl g3.so| 95.4) | op 281 99 a 64 | opgag ! nore | 
! } 3 Hi] 276.58! 267.3 \ 6 1 6.98 « i RO496 : DO302 fan nea 
14 4, $41.68! 524.0 540.26 | 543.11 : 2.85 .00526 | .00325 | ! 
: [ sj} #94.97{ a6e.r | 992.72 [| 997.72 | 5.50 | .00615 | .oosoa ! ; 
: ‘6 $] 1336.2 | 1300 1331.21 j 1340.29 9.08 00680 | cocoa! 
11450; 2  # 95.48] 96.14 g } 99 t i_ons7a |! pn2an _! | 
' 13 tf 278.60} 269.15 277,86 ! 279 ton i posnr | j 
i | 4 ly 546.321 528.0 544,42 | 548 yn eee ! : ‘ 
: 1s i! 902.64] 9876.2 98.29 | 906.90 | 8,6) | : ! i 
“1 6 1343.28 1332.92 1 1353.64 | 20,72} 02542 | iaouag | 
11400 i} 2 fi 100.27| 96.83 99.95 * 100.59 | 64 | ,a0638 | 90 i 
i } 3  « 280.91 | 271.2 279.89 | 282.12 i ! 
Pr ib 551.28 | $32.08 554.98 | 6.88 | | 
; 15 if 911.13] 382 919.2¢_ | i oy 
: + & 1360.53 | 1319.9 | x | 
11350 42) =: | 
3 tf 283.99 | 273.2 i 1.01438 1.01346 1 
H ja 7 559.11 | 536.0 i : i i 
: 5 4 i i 
i 6 | | I 


°F f. f. f, f, sf ns Ne 1dB 


lod 


ef 






ne 
TEFTETE 


1250 


[297-35 [277.18 [293.97 | 299.11 | 10.10 | 103390 | osaz7_ 
1 
|_soro4 | 


LJ 
~ 
Ld 
- 
°o 







|_263,90_| 
107.80 | 99.66 | 106.98 | 109,30 | 5 | nara | narra | 


[603.26 | | 600.12 | 607.4 | 729 | bf 
$ [1007.26 [ion3.ea |ioi1.77 | 7.33 | ‘oir ee 
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Beam No. 01-44-3 


Date 3£79 


Damping Material 74.5% $10, + 12.75% Nay0 + 10.75% CaO + 3% A120, 
#28 Copp 





Material Thickness 0.0221 cm Material Density 2.51 g/cc 
Fixture No. 1 Beam Thickness 0.0960 cm 
Beam Density 9.13 g/cc Beam Length 20.889 cm 
Temperature Test Range: Between 815 °c and 540 *¢C 
Frequency Test Range: Between 98 Hz and 1,550 


Loss Factor Ny? 


Peak 100 Hz Np 0.22 Temperature 670 °C 
1,000 Hz Np 0.22 Temperature 720 °C 
Range 100 Hz 640 °C 695 °C 
1,000 Hz 685 °C 760 °C 
Complex Modulus Ey"? 
Peak 100 Hz 8.2x 10° PAS Temperature 675 ac 
1,000 Hz 8.2x 10° pAS Temperature 705 o¢ 
Range 100 Hz 640 aC 710 2¢ 
1,000 Hz 660 Cc 750 es © 
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REMARKS: J85-12 test 2; retest of 01~-44-2 after 98 hours at 750°C. 
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After test, the specimen was soaked for 202 hours at 760°C. The 
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coating deteriorated; could not retest. 
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TABLE 18-B (Concluded) 
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Beam No. 01-46-1 


Date 12/19/78 
Damping Material 74.5% Sid, + 10.75% CaO + 12.75% Nao0 + 


2% C0903 


Material Thickness 0.0155 cm Material Density 2.34 g/cc 
Fixture No. 1 Beam Thickness 0.0960 cm 
Beam Density 95413 g/cc Beam Length 20.950 cm 
Temperature Test Range: Between 870 °C and 540 £C 
Frequency Test Range: Between 90 Hz and 


1,450 


Loss Factor Np? 
Peak 100 Hz Ny 0.93 Temperature 670 aS 
1,000 Hz Np 0.93 Temperature 735 °C 
Range 100 Hz 650 ee 715 °c 
1,000 Hz 700 °C 770 °C 
Complex Modulus Ep’? 
Peak 100 Hz 9.7x 109 PAS Temperature 659 °C 
1,000 Pz 9.7x 109 PAS Temperature 700 *¢€ 
Range 100 Hz 630 °¢ 675 °C 
1,000 Hz 665 Se 715 a 


NOMOGRAPH CURVE FIT EQUATION: 


ha tJ8S-i1 INITIAL TEST 
LogemseLociAc: st toLocenROn CAL DIFC1L4C Faia aes )&2N) 
rel, ara 5 Aa 
se. cease ioeer otters or o -4000E +09 -680 1. 2oece+e9 
ac (LOGCFR)- 
Loa ETA LOGCETAFROL 4 (SL¢SH aati oL oF 2 C1-SORTC asrere C72 
Te eT earoe St SH Feet 


P ccs Ei 
sse.8 SSO 450 seeee-e2 - 460 
LOGCFR )=LOGEF -12(T-T@ 752573. Bereta) 


REMARKS : J85-11, test 1; beam retested twice: 01-46~-2 and 


01-46-3 
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Beam No. __01-46-2 _ 
Date 12/28/79 


Damping Material 74.5% SiOg + 10.75% CaO + 12.75% Na20 + 


2% C0703 

Material Thickness 0.0155 cm Material Density 2.24 g/cc 
Fixture No. 2 Beam Thickness 0.0960 cm 
Beam Density 9.13 g/cc Beam Length 20.950 cm 
Temperature Test Range: Between 815 °c and 540 2¢ 
Frequency Test Range: Between 93 Hz and 1,460 Hz 
Loss Factor Np? 
Peak 100 Hz Np 0.51 Temperature 675 °C 

1,000 Hz Np 0.51 Temperature 730 oC 
Range 100 Hz 640 °c 705 °C 

1,000 Hz 680 ba 765 £C 
Complex Modulus Ey"? 
Peak 100 Hz 7.5x 10° PAS Temperature 635 °C 

1,000 Hz 7.5x 10° PAS ‘Temperature 675 03 
Range 100 Hz 605 °C 665 °C 


1,000 Hz 645 2 695 ec 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL :JB5-11 AFTER 100.75 HRS @ 
CSE ota lao tfpaerr oe 


a2 a3 
P3 abe 4,4B21E-02 1.4335E4+10 -686 5S. 540eE+09 
As (LOG(FR)- CF 
COSLETA)+LOG(ETAFROL}+( (SL#SH IAe<SL-SH3(1-SORTCL4AKE2)99C/2 
Te ETAFROL SL FROL 


83 34 Bs 
2.8 $38 489 $1@ 3. oe e2 2466 
LoGePRieLOG(F = ~12(T-70)7(S257%. 8+T-T0 






REMARKS : J85-11, test 2. Retest %£ 01-46-1 after 100 hours at 


760°C. Surface of coating slightly jeteriorated. 
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Beam No. 01-46-23 
Date 1/11/73 


Damping Material 74.5% $i09 + 10.75% CaO + 12.75% Na50 + 2% 








Co203 
Material Thickness 0.0155 cm Material Density 2.34 g/cc 
Fixture No. 2 Beam Thickness 0.0960 cm 
Beam Density 9.13 g/cc Beam Length 20.95 cm 
Temperature Test Range: Between 815 °C and 540 2¢ 


Frequency Test Range: Between 95 Hz and 1,460 Hz 


Loss Factor Np? 
Peak 100 dz Np 0.35 Temperature 670 °C 
1,000 Hz Rp 0.35 Temperature 725 °C 
Range 100 Hz 635 PC 765 °c 
1,000 Hz 640 eC 715 a 


Complex Modulus Ep’: 
Peak 100 Hz 6.9 x 10° PAS Temperature 630 ®C 
1,000 Hz 6.9 x 10° PAS Temperature 680 eC 


Range 100 Hz 630 _—°C 665 we 
1,00C Hz 640 we 715 ‘ic 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL ¢J85-11 AFTER 314 HRS. @ 140006F 
ill ec 9 a aa 


a3 

sse.e@ 7. ecdee- mt i. 99462410 741 9.S945E+05 

AetLOGiFR ) -LOG(FROL))/C 

LOGCETA2LOGCETAFROL 19¢ (SL#SH 196 <SL~SH)(1-S9RT(1¢ARRZ)) C72 
Te ETAFROL SH FROL c 


B1 8 _B4 BS 
5Se.0 368 480 -5@@ 3.300@E-02 -92e 
LOG(FR )*LOG(F )- 12(7-18)7(52571. 8+T-TO) 


REMARKS: J85-11, test 3. Retest of 01-46-1 after 314 hours at 
760°C. Surface further deteriorated; very rough, but the entire 


surface was still coated. 
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AFTER 314 HRS. 
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Beam No. 


Date 


Damping Material Pemco 79 R 465 


Material Thickness 0.0145 cm Material Density 











Fixture No. J Beam Thickness 
Beam Density 9.13 g/cc Beam Length 20.95 
Temperature Test Range: Between 870 °C and 
Frequency Test Range: Between 92 Hz and 
Loss Factor Np? 
Peak 100 Hz Np 0.90 Temperature 639 
1,000 Hz Np 0.90 Temperature 745 
Range 100 Hz 660 °C 710 2C 
1,000 Hz 710 aa © 775 °C 


Complex Modulus Ep"? 


Peak 100 Hz 1x 10'° PAS Temperature 645 
1,000 Hz 1 x 10'° PAS Temperature 690 





Range 100 Hz 610 2C 685 "c¢ 
1,000 Hz 645 °¢ 745 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 2385-17 INITIAL TEST 
GM) *LOG CML )+(2LOGCMROM/ML ) 70 14CF ROMER SEN) 
bet : FROM MROA N mL 


al Re A3 a4 
$50.0 S.8564E-02 1.4854E+10 -837 4.2435E+89 
Ae (LOG(FRI-LOG(FROL)7C 


OGCETA)sLOGCETAFROL 3+ ( (SL4SH DAF (SL~SH)(1-SORT(14AKRE) DIC 72 
TO ETAFROL SL SH FROL Cc 


B2 B B4 BS 
558.9 - 900 -780 -.500 1.4930E-02 +400 
LOG(FR ) LOG(F )-12¢7-TO)/( 52572 .8+T-T@) 
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TABLE 22-B (Concluded) 








































oe we’ 2 BySages 
* x. é. = - a2 <6 he 263 
102.01! 100.07 ' 100.44! 103.671 3.23 | .c3106 | 03008 | ot 
: 3 290.50j 280.641 287.26: 294.791 7.52 | .02585 ! .02495 Fas te 
, ; 4 ¢ 571.00{ 550.763 565.74: i_579.82 ezi__i¢.o8_; .ozass i .o2426 : 
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i 1100 2 106.35; 101.37 105.75; __106.92: 1.17} .02100 | .oogsg =: 
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Beam No. 01-46-5 


Date 7/30/79 
Damping Material Pemco 79 R 2633 







Material Thickness 0.0170 cm Material Density 2.73 g/cc 
Fixture No. 1 Beam Thickness 0.0960 cm 
Beam Density 9.13 g/cc Beam Length 20.95 cm 
Temperature Test Range: Between 535 °c and 730 “C 


Frequency Test Range: Between 100 Hz and 1,500 Hz 
Loss Factor n 


| 

| 53 

{ Peak 100 Hz hp 0.50 Temperature 750 °C 
1,009 Hz ony 0.50 Temperature 675 me & 
{ Range 100 Hz 645 2c i i © 

1,000 Hz 600 °c : °C 


Complex Modulus Ep”? 


Peak 100 Hz 9 x 10° PAS Temperature 570 °C 
1,000 Hz 9 x 10° PAS Temperature 620 eC 
Range 100 Hz 535 °c 685 °c 
1,000 Hz 565 °C 615 “¢ 


NQOMOGRAPH CURVE FIT EQUATION: 


MATERIAL tPEMCO 79R-2636 
LOG(P) eLOGCAL 3+ (2LOGCAROM/NL ) 70 14CFROMZER SEN} 
Te FROA FROM nN 


Al Re AZ a4 
S2$.0 3.Se97E-92 1.8S569E+10 -77E 2.9186E+09 
Ae (LOGC(FR -LOG(FROL)7C 
LOG ETA) eLOGC(ETAFROL D+ ( (SL¢SH JAt(SL-SH)( 1-SORTS14ARB2) ICV2 
Te ETAFROL SL SH FROL c 


i 82 B3 84 BS 
525.0 2425 -360 §=-.571 6.7830E-02 5.574 
LOGCFR )eLOG(F )~12¢T-T@37(52571 .8¢T-Te) 


once te POLE EAE Meta se Nh dit Te ih Rant a ll ccc el lla ton 


REMARKS: After test, the coating appeared to be wrinkled and 


r] 


molted, with sharp peaks of crystalline material resembling 


TOT 
iit, WEF 


i 


sand paper. 


me 


EESTI 
einen 


* Not measured. 
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TABLE 23-B 
Beam No. _01-46-5 

P 
F £. f, f, £. af Ns ne lap 

[Mode [TT EEN eee SED 

| 2 |{ 94.31] 97.98 | 94.99 1.338 | 0.0142 | 0.01257 

[3 || 265.13 | 274.57 | 252.75 | 268.55 | 5.797 | 0.0218 | 0 02039 

| 4 | 523.82] 538.70 519.38 | 526.08 | 6.70 | 0.01279 | 0.0122 





5 867.49 | 892.00 | 854.49 | 883.58 29.096 | 0.03354 | 0.03284 
} 6 jf 1297.16 | 1337.20 78.89 | 0.06082 | 0.06022 
1300 | 2 || 95.38] 98.68 | 2.394 | 0.0237 








1300 | 3 |{ 269.83 | 276.68 274.50 0.0372 
[1300 | 4 |{_ 537.23 | [$50.72 | 2.481 | 0.00452 _| 

[1300 | 5 || e87.861 eye.40 | 879.90 | 997.03 | 17.136 | 0.0193 [0.0287 | 
1250 | {85.63 99.39 | 84.25 | 93.26 | 9.018 [0.1053 | 0.1040 | 
/1250 | |_275.91 | 278.76 | 268.51 | 262.21 | 13.70 [0.0497 | 0.0486 | 
1250 | IT sa3.28 | 56.96 | 531.43 | 553.66 | 22.24 | 0.0409 |[o.osos + | 
P1250 | 5 |{ 915.57| 906.90 | 890.94 | 944.14 | 53.80 | 0.0se8_ | 0.0583 
Fiase [este e [50-00 [sere | 1390.74 [06.90 [ocesea | 

1200 | [99.66 | 100.07 | 97.31 | 102.26 | 4.949 | 0.0497 | 0.0484 

| 1200 | | 280.64 | 277.13 | 291.67 | 14.541 | 0.0513 _| 

| 1200 | | 549.99 | | 14.21 | 







sea.21 | ro.0255 _| 
F200 | [911.00 
[1200 | 1459.75 | 59.62 [0.008 | 
raiso| 2] 102.06| 100.72 | 99.25 | 104.28 | 4.967 [0.0007 
Paas0| 
rinse 


[3 [290.58 | 282.50 | 279.70 | 296.20 | 16.50 0.0568 | 
[a II seu.23{ 554.50 | sv2.07 1 see.2z | 16.«= [o.om2 [0.0308 | 


R af n 


Se ee LG EE es SEE 
6__{l14so.98 | 1376.00 | 1432.25 | 1474.69 | 42,44 | 0.0292 | ooze | 
Hiloo | 2 jf 105.62| 101.37 | 103.01 | 107.27 4.264] 0.0408 | 0.0393 | ss 
jrz00 { 3 Hf] 299.40} 284.20 | 293.37 | 303.36 | 9.99 | 0.0334 | 0.00327] 
Hise [af sv2st7 | ssesoo | snscoz | cones [ines Uoveiso [eee t 
jroo {5 {] 980.73] 923.00 | 969.25 | 991.se | 22.29 | 0.0227 | 0.0223 | | 
6__|[1472.03 | 13e6.59_| 1459.21 | 1485.17 | 25,96 | 0.0175 | o.or72 | 
{ioso | 2 ff 108.37] 101.96 | 106.90 | 109.48 | _2.se2| 0.0238 | 0.0227 | 
11050 | 3 if 305.89] 285.70 | 303.05 | 308.68 | 5.63 | o.018¢ | 0.0178 | 
i 


1050 | 602.27 | 561.30 298.04 | 603.98 | 6.945] 0.0149 | 0.0145 | 
1050; 5 || 997.06 | 928.80 | 990.86 | 1002.50 _| pec =| 
fioso {6 |[ 1494.28 [1392.00 | 1486.89 | 1503.26 | 16.37 | 0.0110 | o.o106 | 
liooo | 2 ff 120.26! 102.57 | 109.67 | 121.03 | 1,353] 0.0123 | =| 
i000 | 3 | 310.15 {| 287.30 | 308.62 | 321.62 | 3.002] 0.0097 | =| Ss 
1o0o | 4 || 609.99 | sea.40 | 606.48 | 611.25 | 4.81 | 0.0079 | =| Ss 
jioo0 | $s {1 1007.27, 934.40 | 1006.09 | 1010.56 | 6.45 | o.o06s | =| 
fio00 ? 6 |f1so8.s611399.30 | 1504.69 | 1523.53 | 8.86 | o.oos9 | =| 
| H | 
eb ne ee eae aes Eee 
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Beam No. 01-47-1 
Date 1/9/79 


Damping Material 70% Si02 + 30% Naj2O + 2% Co203 





Material Thickness 0.0196 cm Material Density 2,50 g/cc 
Fixture No. 2 . Beam Thickness 0,.0960 cm 
Beam Density 9.13 g/cc Beam Length 20.836 cr. 
Temperature Test Range: Between 870 °C and 480 °C 
Frequency Test Range: Between 90 _—s:iHz and 1,500 
Loss Factor n): 
Peak 100 Hz Np 0.84 Temperature 595 C 

1,000 Hz Np 0.84 Temperature 665 2¢ 
Range 100 Hz 570 °¢ 625 °C 

1,000 Hz 645 °C 700 °C 
Complex Modulus Ey"? 
Peak 100 Hz 1.2x 10'° pas Temperature 555 Be 

1,000 Hz 1.2x 10'° pas Temperature 700 eC 
Range 100 Hz 540 =¢ 575 a" 

1,000 Hz 585 °C 645 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 3¢ .-47-SI_ 70% $102, 3@%NA 
aa acct a 


aGeaE-03 i. ees6e+10 ‘ 3213 e. S894E+99 
as (LOGIER)-LOGEP 


ROL), 
Sean eraenGL se ene SH)C1~ SORT LAOEREYIGC2 
Te AFROL SL SH FROL 


be B4 BS 
8.9 .8590 «958 -10@ =1.6950E-83 +458 
LOG(FRI*LOG(FI= fact-te37(S2S7i- 8+T-TO) 


REMARKS : 
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TABLE 24-B 


Beam No. O1-47-} 







i 1600} 2 
1600] 3 


; 00842 
7 -00600 










1.56 j_-01600 





















266.82| 272.25 | 266.42 | 267.22 | 0.30 j .00300 
534.60 { 523.35 } .00272 .00172 
868.52} 885.00 | 867.09 869.84 | 2,75 + 00264 00186 


1299.09] 2325.80; 1296.71 | 1301.43 | 4.72 .90363 1.00291 
95.971 97.85 | 95.82 | 96.12 | 9.30 90313} .00209 
+ 
p: i] 268.70] 274.20 268.29 | 269.19 | 0.90 00335 {.00212 | | 
: 528.04! 538,59 527.12 | 528.85 | 1.73 -00328 1.00258 


-00150 






{_ i600! 4 774 $22.92 | 509.68 | 511.80 | 2.12 } -00425 | 00145 | 
| 600} 5 _ 966.13 | 045.25 | 848.26 | 3.0 4.90355 | .9 H 
1600 | 6 |] 1266.83] 1296.67 | 1264.66 | 3268.99 | 4.33 1.00342 | 00172 | 
1550] 2 || 93.53] 95.52 |} 93.20 93.87 | 0.67 00716} 00121} 
1550] 3 262.271 268.10 261.68 | 262.83 | 1.15 | .00438 | .00150 
1550; 4 | 535.43] 526.60 $14.52 | 516.14 | 3.62 | .00314 | .00134 
i isse| s {t as¢.oa] 272.20 | 852.96 | 855.46 | 2.50 00293 | .00126 
| 1550| 6  {{ 1277.76] 1306.00 | 1275.83 | 1279.69 | 3.36 | 00302 _| .00172 
isoo| 2 i{ 94.40] 96.30 | 94.13 | 94.60 | 0.47 | .00498 | .o0058 
11500] 3 ‘| 264.45 264.04 | 264.96 | 0.92 00348 | .001i2 
1500] 4 {| 519.68] 530.60 519,05 | $20.43 { 1.38 1.00260 _/ .00136 
1500 i} 961.36) 878.20 960.13 | 862.51 | 2.38 ; 00276 |.0015s2, | 
1500| 6 | 1288.56] 1316.00 | 1286.62 | 1290.60 | 3.98 1.00309 {.00209 | ~+| 
erry ae ee er 94.96 95.36 | 0.40 1.00419 | 90138 
2 aerate | 
















°F f. i rt te sf Ny Ne 1di 
emp. Mode | | 2 ; j ] i 1 I 
1400] 5 874.98] 392.12 | 373.11 | 876.79 3.68 | .00421 | .00352__| j 

































1 1400 1309.15] 3334.34 | 1305.68 | 1332.5 6.33 90 1.90 
1350 96.80) 98.55 + 96.67 { 97.03 0.36 .50372 | .00204 

1350 [2 
r 1350 
{ 2350 $79.40 985.78 | .90723 

i GS hts eee 

anrCTs . ' ars : - 
+ 1350 4313.65 | 1326.40 12.75 4 ,00966 90907 
| 1390 97.62| 99.30 | 97.41 | 97,84 9.43 00439; .90296 

1300] 3 jf 273.09} 280.30 3} 272.02 1 2746.29 227! 00351 60731 
1 1300] 4 £37.10] 546.00 i 514.30 | 539.73 + 5.43 | .01011. | 190957 
| 1300 890.04] 905.20 | 884.25 | 996.45 | 12.20 01371 | .01303 | 

| 2317.98 | 1343.25 25.17 =; .01890 . 01840 | 


5 

aaa Saget 4 

1300 6 gf 1332.80] 2354.20 
2 
3 












} 
f 
1364.20 | 3317.34 i 1368.50 j 51.56 ; -03826 | .03782 
+ z 
1200] 2 | 100.72 ¢ 98-66 } 100.27 i 1.61 1.01619 
1 
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| 

{ 1200) 3 282.20 , 278.00 ; 282.09 8.04 | .02872 | .02780 | x 
[———— a aeUaNORIENAgEEIEEEY cemneennmemeremaemmmnt a ef rt cae 
: 22001 4 I 555.18] 553.50 } $49.04 | 5360.14 ! 21.81 j 103929 {.93890) | x | 
1200} 4 | 926.46| 918.60 7 914.74 | 938 18 | 36.96 ) 04972 f 94919 |X 

| 12607 4 i 1267-00 1373.R0 1335.98 | 2390.35 1324.53 | -99110 | 39073 H 

: at ae. tea 469} 101.34 § 98,70 FE Tad.hR Et aR ' 93953! H 

——— a CN eee ee Se, Se 








































































































































































































































Beam No. 01-47-1 
. 
F £, f tL. fp af Ns Ne 1dB 
1150 286.06] 284.05 279.11 | 13.89 | .04856 Bez eae 
§71.02| 557.40 557.10 | 584.94 | 27.84 .o4s75 | TY 
950.15] 924.80 929.78 | 974.79 | 45.01 | .04737 [| 


712.73 
|2 || 104.33] 101.98 | tont2 |__ 106.92 5.70 
| 3 || 296.54] 285.80 | 290.46 | 301.60 

| 587.92| 561.10 | 577.19 | 598.64 | 

| s | 971.46] 930.80 [ 959.57 | 983.54 [ 23.77 
| 6 [i 1as2.1s[ 1391.60 [ 1441.10 [ 1463.20 | 
| 4 
Ys | 


-03757 
+03648 
-02447 








108.01| 102.59 | 106.32 | 109.58 3.26 
303.87| 287.60 300.73 | 307.09 6.36 


-03018 


| 596.23] 564.60 592.85 | 600.75 7.90 
985.48] 936.20 | 981.16 | 989.80 
| 1473.10] 1399.90 | 1463.92 | 1480.48 


«00877 
-01124 










103.i2 | 109.16 1.47 -01337 


289.40 306.75 | 309.43 | .00870 
28! .9¢ [ 601.20 | 608.38 4.18 00695 
994.81] 943.70 992.56 | 997.56 5.02 -00505 
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jets eae. ae | asaces | ents | 
| ta.10 | 103.74 [110.83 | 113.55 | 9.72 
EEE 
[1002.55 | 1005.16 | 2.62 | .00260_| 
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294.75 313.68 | 314.42 .00232 
614.031 $73.90 -00248 
1011.54 rer ae cr eel 


1514.32 2.78 - 00184 


+ 
@ 
3 
. 


1501.57 


o 
w 
o 
Lal 
| 


J 
So 
°o 


J 
o 
o 


eect AEN OI Monee NNN mRMCLLeRe SN bm seth) res nen sm ammnntinn me Ager 
° 
" 
Lad 


- 
| 
| 


Py 


| 
| 


ete tee — 





qa 


. { 


f 
i 
L 
Hl 






























































7 
lta 7 ier al - aot Negi — | —w os 















































eat 


rR 


Pow Ula 








































































































































































































La 
a 
Pee ee ee er er ee 


VUMWMNT OOH AD aa AAOMA TONNE HOUSE NANA) 


80+368¢2 


80+3S¢2 


UUTTDOCAHRAH Ore 
THAAMMM HMO ~cUesl 


60+3T ree? 
60+3¥2ed 
§0+3668y 
60+3¥ES2 
60+3€228 
60+3T292 
60+3£96 


60+3S2dy 
§0+351968 
§8+36S99 
6O+3Lv3E 
80+30966 
60+3%205 
60+388395 
60+3¥2808° 
60+3e922¥° 
60+3S28r6 "1 
60+3608Tr "tT 
60+3212vE°5 
80+38919¥'2 
80+396E92'6 
6O+30T26T°t 
60+386006' 1 
80422 r eT e's 
80+3cc6 12'S 
BO+39rrSE*L 
80+362928°9 
60+3202r0°1T 
OR XWSN 
"QOw x3IdWOS 


2 
8 
2 
9 
2 
2 
8 
t 
2 
ij 
t 
i 
é 
€ 
9 
9 
» 
Q 
2 
9 
@ 


orruarT-nM 
u 


NUVAMMANG 
“a8 


CR ee ee ee 


TIMAMNMN AHO VOME CHAO sAMUATH INDODMNDOAUINWAWWOU 


ONT CUOOL COTKDOWDVAMMWWDSOWDNVUANOOT 


~ 


AMNDITAAS COMMNOM AME 


ee ee ee ee oe ees 
weet of 


a ee 


ee eee 


“~ 


eoeee 


MOD 4H USUUL OT UMOVHUW DOMES TWDOUMNE Th ONDVNOMUE VWONNDAWUBON 


AUDA T AUN TOMM AMUIPMMMANU 4A AUNOMANAANAHMAW 


ee 


2H 
“O34s wea 


29090009090 
QVOVKVS9N99 


oe ee www 


§3920° 
500° 
Bre" 
9200° 
vEOQ* 
TvQO° 
$900° 
81a" 
8T80° 
$260° 
€200° 
Stee" 

“Qed 





$501 


aLTSOdwod 








wt 
T% 
3t 
TY 
Tt 
13 
Tt 
12; 
wT 
Tt 
Tt 
33 
TT 
TY 
TT 
Tt 
Tt 
Tt 
Tt 
VW 
Tt 
tt 
Tt 
Tt 
TT 
Tt 
tt 
tt 
Tt 
Tt 
tt 
Tt 
vy 
tt 
tt 
13: 
.2 
13: 
TY 
TY 
is 
125 
123 
tt 
tt 
tt 
ii 
TY 
vt 


atetec 3 
SrSete*! 
B62Eve'} 
3509. “1 
38c"S2°T 
S9ET92°: 
S36SELé°¢t 
BOLEz2°1 
3v0c82°t 
3ee822°% 
389822°% 
+32€892°T 
+3EES6L° 1 
+306208°T 
+3618 °T 
+37T2e8"t 
+3E28r8°T 
*392228°% 
*3EESE8*? 
1+3S@208'T 
+322258'7 
*327298'T 
+366E06°% 
+3224268°T 
T+#326828° 1 
*352E28°1 
+398693°1T 
*35S€68'1 
+316968°T 
+300706'3 
+33 v2t6°1 
3r2ée6°t 


eee ee ee eesee 


+32¥6S6°T 
+3009TO°e 
+3¥SE66°% 
+398T66°% 
+38S21O° . 
+369086° 

Oxxwen 

“dow wv3¢a 


Ce 
UM TOWUMNTNOW FMUM TOUOW ET MUUMTNOM TUG TNUOH TUUM <HOWUM 4 MUM 


ee eer eee erase 


see eee ee 


° 
z 


3q0W 


8°992 8° 282 EBOt: 60+320E2.'°2 by 
2°s6 8°2B2 T260° 6@+3T6LE6’e By 
@°36 @°O92 et2e° 60+3¥SES0°E Le 
£°89¢ Q°OS¢ esst: 60+328202'2 9b 
@°Bes 8° S32 S22’ 6O+ZESHt6'c Sr 
Q°S2B8 8° O32 veE2’ 6O+30T6L0°E vy 
¥° Sect 2° eb 6¥82" 60+36Sr29'°9 Ey 
T’68E% @° 892 $26e° 60+326E880°E ey 
9°288 2° cee etge° 6O+3SCr2ec°E ter 
¥°2ES e°2ee Evse: 6Q+3821SS°E ay 
6°022 2°2ee cece: 60+300222°2 GE 
8°96 2° 2&e tert: 60+322269°E BE 
3°26 wv’ roe 26rt" SQ+36LtOT*y LE 
T°ees v* vee 8220" Qt+396STe‘E 9E 
0°868 v'vOe 9S79° 60+32E8t2*» SE 
8° TEEt v'rOe €£e6° GO+3aSt6rt*b ve 
9°206 2°929 6588° 60+308ES0°2 EF 
6°20sS 2°929 2092 ° 60+3620B0°S ec 
9°86 4°929 66vE° 60+39S5849°E TE 
¥°66 6°899 69€9° 60+3220T8'9 EF 
2°Sss 6°89 er.3° Ol+30TLZOE*T Ge 
$°926 6°899 6922" Ot+3reecS°t 82 
O° Lert T*teg 6t29° Ot+39TBIO’S 42 
2°eS6 T°te9 SELb° Ot+38t28y'°2e 92 
Q°tes t°te9 Lets’ Ot+3atI992E°2 Se 
1°982 T° Teg 2Src* OT+3Tr2OS°T ve 
2°OOT T° te9 SE86° 60+38reE6°8 Ee 
E*vOt €°€6S 365° Ot+ZE9B92"C 22 
$°962 €°€6S Se2e° Ot+320T66'2 te 
6°28 E°e€6S éSde° OT+386rIS°E 2 
$°t26 &°€6S 2v6t* Ot+3S9BEE"E EY 
Test E°E6S 6e@2eT° OT+ZEGEEE*E Bt 
T°Ezprt 3°S9S 1800° OT+3ecSE8°E Lt 
2°96S 9°S9S 9160° Ot+3rLy86'E 9t 
6° EOE 9°S9S $te@2° Ol+3L6866°E St 
6°6eT B°2es S¥80° @t+32T6OS’y vt 
@°89E 8°2ES 9590° Ot+aeS9Sv’y EF 
€°€e9 B°2eS 649° @t+3992r6°E et 
8° ¥66 B°2eS BrEO* O%+3¥6920'°h tT 
9°88rt 8°2ES 92Ee° OT+36S2ET*y OF 
2° EQeT Q°eTS 227° OT+3BcT82E*h 6 
6° 809 2°@tS et2d° Ot+30L8E9'r 8 
e°rte @°ats ts20° Ot+3rSdS2°b 2 
e*ttt Q°@tS 88E8° Qt+3erte6*> 3 
E°etst 2°28 6tTe° Ot+390tLS*e 
S*ttet 2° e8y ette: OT+ZE92S9°> ¥ 
ae As) 2° e8y TSTO° OT+3E69L8°y E 
O° vtEe 2° 28r L¥tO° @%+3839S89°ry 2 
2°att 2°28r te2e° OT+3LcE6T°S Ft 
ZH 9 °*930 OLS 2xKW/N 
°O3u4 *dW3h $so} sningow *ON 
Nt S3HLO 


3NO @3L¥09 Wv38_INGn? IWay 
Nt YayNnLovsnNeld 
; S30uN0S vivd 
Q2UNNOE ‘20IS %OL IS-2b-TU! IWIYZLOW 
by $ 3009 IWINSWId3dxa 


198 


“ 





Tet) grime ae 






















































628E+08 
PL 7E+@9 


9 
S 
e 
6 
3 
4 
1 
4 
8 
7) 


WONWDNWUMS OU 

eo ee ee eee 

TMNMMBSCOWNUY 

MNOULMNH-OM 

MAMOMNM CAM 
“~ 7 


HOM FT -W-AUO 
AAUAH A QMNOw 
BQOOOOGOIOMNSD 
BOVOOCO9N9S99 


aoeoeeeowr ere ee 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


. 
. 
. 
. 

. 


HINA THINTWOW 
Siete ers ie) 8 6 y07e 
TORHHT THON 
UWMWAWHOOD 
NONUMMY UA 
wt wt 


OBNNONWWWaWwH 


oeee eee eee 
COCHMUNMNONN 
ROO et et rts et OW 
ter aOnnnmninwn 


e989 
©1083 
0963 
+8407? 
0202 
2187 
e628 


. 
e 
. 
. 
. 
. 
. 
. 
. 


OnUNTHSLOO 
INIA INInin 




















































































































































































































































































































































































































gayi 


2H 33 AONSNOZSSS GS9NA3aa 
oT ot 











2 
oy MVR, 7th 
Zz : | i 
/ Y/) PM Eo a | 
4 ~~ | 
A | ) Lh YY : = n ; 
9 ra /| Mi A, A : = : c 
, Ot ! L j eT Ni, et3 = 
N / / i a S) ¥ QI 
/ } 
) ‘ 7 i 
} Ss 
. Ei htt Va ON : 3 
ELV LV IVA s| 
OT b b b : eT eT 
J YI y Y Uf | : | 
0 
A 
tite Y Up WI = 
: ort Mil ‘ i Uf My Wi EU Ot 1, Ot 
9 930 J aaNsyNadW3L 
f 
N 
SS 
\ 
eae see ne ae ae can eee we SI TI LOO ELI “ 
aac -orsenasputintennsecaenasiciaatasnsoa essai ancnunmeln anh siesendassnunniena ha A Ay 




































































ccna MRK AAR TLE RRA RE ag, 


ZH a3 AONANOANY G3ZNNAZa 
,-0t 2.et 


1 


eT Ot 


; OT 
f y / ny 
f : is 


















































EN 2 ot 


yy 
J | 


t—— 


Ss 
~ 


6 


nH 





















































~ONN ECLOAAAIAWMN ZNvEMHRV 


BRYWoODWLZO> kK IN 


































































































mee bn 
so 
“ 
s 
~ 


“4 

_ 
® 
wt 























~ODIZGHO WwW HORADADHW ZNHLRHN 


A 
ie a ee tA é 
= 2. 
3q lL 3anleasdwWal 










































































































































































































































































Beam No. 01-47-2 
Date 6/27/79 


Damping Material Pemco 79 R 835 + 203 Al503 





Material Thickness 0.0198 cm Material Density 2.50 


Fixture No. 1 Beam Thickness 0.0960 
Beam Density 9.18 g/cc Beam Length 20.835 
Temperature Test Range: Between 790 °C and 480 
Frequency Test Range: Between 95 Hz and = :,530 


Loss Factor Np? 








Peak 100 Hz Np 0.50 Temperature 645 °c 
1,000 Hz Np 0.50 Temperature “Cc 
Range 100 Hz 605 °c °C 
1,000 Hz 605 °C °C 
Complex Modulus Ep"? 
Peak 100 Hz 5.9x 10° PAS Temperature 595 °C 
1,000 Hz 5.9 10° PAS Temperature 655 °C 
Range 100 Hz 560 °C 635 °C 
1,000 Hz 605 °C °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 8585-18 INITIAL TEST 
LOGCN) LOG CAL 2+ (2LOG CAROMZML ) 17014 CFROMZFR EEN) 
T8 FROM MRO N ML 


At a2 AZ a4 
475.0 S8.S@O8E-03 1.1000E+19 -680 2.S0@0E+O9 
A= (LOGC(FR)-LOG(FROL) /C 
LOGCETA )=LOGCETAFROL )4( (SL4SH A+ (SL~-SH )(1-SORT(14ARZ2)) C72 
Te ETAFROL SL SH FROL c 


B4 BS 
475.8 500 -450 §=—-.55@ 4.3000E-03 738 
LOGCFR De LOGCF -12( T-T@)7(52571 .8+T-TO) 


g/cc 
cm 
cm 
°C 
Hz 


REMARKS : J85-18 project 
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TABLE 25-B 


Beam No. 01-47-2 
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TABLE 25-B ‘{Concluded) 
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Beam No. 01-47-3 


Date 3/79 a 
Damping Material Pemco 79 R 2635 








Material Thickness 0.0221 cm Material Density 2.59 g/ec 
Fixture No. 1 Beam Thickness 0.0960 om 
Beam Density 9.13 g/cc Beam Length 20.835 cm 
Temrerature Test Range: Between 732 °C and 540 2 
Frequency Test Range: Between 95 Hz and 1,540 Hz 


Loss Factor n 


Peak 100 a Np 0.82 Temperature 630 °C 
1,000 Hz Np 0.82 | Temperature 585 °C 
Range 100 Hz 610 oC 650 2c 
1,000 Hz 660 °C 720 XG 
Complex Modulus Ey"? 
Peak 100 Hz 8.5 10° PAS Temperature 590. °C 
1,000 Hz 8.5x 10° PsS Temperature 640 aC ; 
Range 100 Hz 565 °c 620 aC 
1,000 Hz 605 eG. 4680... °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 01-47-22 PEMCO 
Ee FRON RRR ROTA 


a] 3.88 a1E- Nat na Se60E+09 7915 1. 9016E+09 

as (LOGiFR)= LOG(FROL 

LagretaysLoGcerAFROL 1+ (SLesH vAe«SL- a SQRT(14ARKe) ICA 
ETAFROL rhe c 


BB 33 BS 
500 .829 -680 ~559 2. 1036-02 -2S3 | 
LOGEFR eLOG(E De 12(T-T8)/(525/1 .84T-T@) 


REMARKS : 
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Beam No. 
Date 12/21/79 





01-48-1 


Damping Material Corning 0010 + 7.5% Alj03+ 1% Co203 








Material Thickness 0.0180 cm Material Density 2.89 
Fixture No. 2 Beam Thickness 0.0942 
Beam Density 9.13 g/cc Beam Length 21.031 
Temperature Test Range: Between _ 84" °C and 650 
Frequency Test Range: Between 91 _ Hz and 1,413 
Loss Factor Np? 
Peak 100 Hz Np 0.60 Temperature 770 °C 
1,000 Hz Ny 0.60 Temperature 850 °C 
Range 100 Hz 720 °C ____ 816 2¢ 
1,000 Hz 800 °C 850 °C 
Complex Modulus Ep"? 
Peak 160 Hz 7.6% 10° PAS Temperature 730 id 
1,000 Hz 7.6% 10° paS Temperature 785 °C 
Range 100 Hz 665 °c 780 °c 
1,000 Hz 715 °C 865 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL :J85-9 INITIAL TEST 
EOGEAI SLOG CHL DS COLOGCHRONZ BL) 27.01 +CERONZER TEEN } 
aw AROM N Hh 


ae a3 
600.0 4. seeer-e3 1.2000E+10 -500 3. See0E+e9 
A= (LOG (FR )-LOG( 7 


FROL) 
Te ERRNO ee eae ee neo nne dee 
ETAFROL St FROL 


83 B4 BS 
629.6 606 see 450 4.00@0E-03 1.028 
LOG(FR)« SLoacé os -12(T-T0)7(52571- 8+T-T@) 


REMARKS:  J85-°, test 1. 


retested as 01~48-2. 
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TABLE 27-B (Concluded) 
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Beam No. 01-48-2 
Date 1/8/79 
Damping Material Corning 0010 + 7.5% Al503+ 1% C0403 


mm 


i oS 





ee * 


Material Thickness 0.0180 cm Material Density 2.86 g/cc 


p 
a ae ae eT Se eee re 


PE ONE IN 


Fixture No. 2 Beam Thickness 0.0942 cm 
Beam Density 9.13 g/cc Beam Length 21.031 cm 
Temperature Test Range: Between 870 °C and 565 °C 


Frequency Test Range: Between 92 Hz and 1,450 Hz 


A 


Loss Factor Ny? 


PE 


» 
+ etme cntetininett insets rel asennad ra 


Peak 100 Hz Np 0.50 Temperature 765 °c 
: 1,000 Hz on, __0-50 Temperature 845 2¢ 
4 Range 100 Hz 710 °c 810 °C 
1,000 Hz 770 °c 880 °c 


Complex Modulus En”? 
Peak 100 Hz 8.3x 10° Pas Temperature 680 °C 
1,000 Hz 8-3 10° pas Temperature 720 °C 
Range 100 Hz 650 °C 725 °c 
1,000 Hz 685 *¢ 775 “C 






NOMOGRAPH CURVE FIT EQUATION: 


PATERTAL 2385-9 M-1 + 1 % COBALT CXIDE 
LOG(M) @LOGCAL )+(2LOGCMROMYML D/C 1+ (FROMZFR 28N) 
Te FROM SROM N AL 





ai Re AZ a4 
$$0.@ 2.6269€-83 1.9060F+10 -948 + 7.4830E+89 
Ae (LOGCFR )~LOG(FROL ) CC 
LOG (ETA) LOG CE TAFROL 3#¢ (SL4SH A+ (SL-SH )(1-5ORT(1«ARE2)) )Cr2 
7 ETAFROL St SH FROL c 


Bi Be 83 B4 BS 
558.6 -43@ (1.158 -.495 2.2876E-34 1.085 
LOGCFR De LOGCF )-120T-T73 7 (S251 .8¢4T-TE} 


| seaaentieaeenaseatahtaihiainn cddeteieanaiaintinsbeetanaetaeiate i, cata dammnamaenedagaatammemananamnmn:aeettl 


tog te singe re ee 


Sc Le Agnes Cilla a 


. an 






PAE OS Ga GPO 






REMARKS: 1385-9, test 2. Corning matrix M-12; retest of beam 01-48-1 









after 166.5 hours at 760° ‘oOati 


thermal soak, bui showed no signs of deterioration, After test. 
specimen was thermal soakea@ for additonal 163 hours at 760°C. After 
ten to fifteen minutes at room temperature, entire coating fragq- 


mented and came off entire surface of beam. 
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TABLE 28-B 


Bean No. _6}-48-2 


ce n L “R s c 


ae ae Re 
[see | a2 tonsa [oer |_| 
ee ee ee 
j 510.08 | 513.10] $06.13 

f.02170_|.01930 [| | 
lhze9.20 [1272.71 [125e.70 | 1260.07 | 
i201 [0 hiz70.79 | 1250-71 | «7.00 | -o3602 | 
a 857.9 857. cre 55 569.25 | 24.70 02879 | .02716 | 
516.37 | $17.4¢ | se9.39 | $2%.81 112.42 02405 [02235 | 
ane 92.35 { 93. 
a TT 
Signe ae taear eas 6.28 1.02379 | .02177 x 
fisoo | 4 if sze.ss | sz1-sa_|siz.e9 [32.07 [13.69 | .o2663 [-o2ses | 
a6s.06 ' as6.22 | sas.oo | 28.7e | .03308 | 03186 | 
}1soo | ¢ {305.86 | 1293.12 1296.28 EXICRTE ETS [ores |.ozsea | x | 
jiaso | ¢__thsz1-a5_| 1302-50 _|2320-56_| 1332-40 _| 42.92 icoszes f.o3078 | 
hiss [sil ose-s7 | 070.20 | 077.29 | 91.05 128.01 | o220s [0053 | = | 
Piso [ose | sns.s0 | san-o8 | ss.e5 [uso [eomnz{-zsav0 | 
riaso [3 Il 260.00 1 267-40] 207.99 | 271-00 | 7.25 1.2607 [0280] x 
piaso [2 jf 95-13 | 95.sz_ | 94.08 2.97__{.02176 
SEC 
p40 [3 ff azacsa_f2ea-96_f 272.28 | 216.20 | 7-96 [onsen | 02761 

339.47 | 333-87 | 3s0.a8 [17-01 ]-onn3e | 3007 | 


















































°F £ f £. sf % ids 





tepilisdete. ae 
pisoo| 5 {| 901.16 | 627.05 | ses.s7 | 925.86 { 27.39 | .03039 | .or05s | 
1400} 6 [iz3s¢.4% | 1312.48 | 1332.77 | 1354.38 | 42.39 | .03153_ | .03030 | x | 
1350 | 6 []1364.95 | 1321.3¢ [1356.36 | 1373.56] 33.76 | .oza7a | .02377_ | x | 
| 1350] 5 |] 914.56 | 383.90 | 905.7: | 925.74 | 20.03 | .o2:s0 | .ozn17 | | 
| 584.33 | 559.40 | 15.07 | .02738 | 02676 | | 

| 271.25 | 278.51 | 282-25 [7.36 | .0z627_ | .o2897 [x | 
96.98 | 96.53 99.77 | 3.28 | 03295] 0308s FO 
8 | rots | 9.25 | 03295} cozoge | 

j— 204-60 | 7.28 | .o2sse_f .o2a20 | x 


$89.37 } 513.16 935.30 | 16.15 01740 
= [ine asics | tances [ae [ones [overs 
ET TS BOTT WT 
[a95.40_| 901-30 | 390i. | 2 “1077 f -o101e | 


| 364.60 | 
}.12501 3 tf 2e7.49 | 275.00 | 204.19 | 
Passo Tienes [ante [occa [iene | arf ones [sare tJ 
j.szoo| 2H 103.31 | 99.00 [ 102.45 | ros.s2 | 2.07 F-02000 [orsco | 
j 220 | a if anaas | 2ze.2s [209.33 [292-67 [3.38 [conney VT sonoay fT 
|izool 4 if sri.te | saa.75 | sesiea | s73.20 | s.37 ft ooaas Torso fT 
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TABLE 28-B (Concluded) 


Beam No. 02-48-2 








oF e f. fy & bt ns ne 14B 
[Tomp. [Mode_] reer [ee es Pe ee Se 
| 1150| 6 || 1427.20 | 1353.70 | 1424.90 | 1429.50] 4.60 | 00322 _| 

11s0| 5 | 0 


| aisol «| 






1150 


00264 
00349 
on 
00670 





aaawees fo ea] 

429.50] 4.60 00 Ee al 

00476 eee ee 

| 294.00] 288.30 | 293.02 | 294.99] 1.97 

ef ese, oe fata 105.02| 1.02 | .00966 

| i100] 2 |[ 105.56] 100.28 see [ef fe 

| iroo] 3 || 296.34] 280.10 | 295.72 | 296.90| 1.18 | .00398 | .00256_| 

ee eee 
; 913.40 ; ; ee on oe 


5 
|_959.30 | 961.96[ 1.40 | .oors6 | 00098 _| 
| 1100] 6 {[ 1437.40 | 1358.20 | 1435.90 | 1439.26 | 3.30 | .00230 | .o0170_| 


1050] 6 |] 1447.90 | 1367.10 | 1406.26 | 440.90] 2-62 | 00181 | 003 | 
1050] 5] 967.73] 919.20 | 966.81 | 968.74] 1.93 | .oo191 | .00153_| 
ioso[ «|| see-n6 
ST ee To ee 
[206.35 | 100-86 [106.19 | 106.60 | 0.41] 00386 | 
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Beam No. 01-48-3 
Date 4/2/79 


Damping Material Owens Illinois CV-79 


Material Thickness 0.0315 cm Material Density 6.30 g/ec 


Fixture No. 2 Beam Thickness 0.0942 om 
Beam Density 9.13 g/cc Beam Length 21.031 cm 
Temperature Test Range: Between 480 °C and 595 bg 
Frequency Test Range: Between 90 Hz and 1,450 Hz 
Loss Factor Np? 
Peak 100 Hz Ny Temperature °¢ 

1,000 Hz Np Temperature °C 
Range 100 Hz °C °C 

1,000 Hz °C °C 
Complex Modulus Ey"? 
Peak 100 Hz PAS Temperature °C 

1,000 Hz PAS Temperature °C 
Range 100 Hz °C °C 

1,000 Hz °c °C 


NOMOGRAPH CURVE FIT EQUATION: 
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REMARKS : Project: F-107-1; crystallizing glass. Coating 
deteriorated rapidly during test between 480°C and 595°C. No 


meaningful data could be taken. 
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| 555.95] 530.56 | 539.86 | 9.30 | 0.01735 
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280.10 
913.40 
101.46 


TABLE 29-B 
824.00 : 
|_1358.20] 1231.65 |1239.6c_| 7.95 


914.84 
1375.96 
105.24 | 102.97 | 100.06 | 105.43 0.37 


|_926.50 | 934.50 | 
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Beam No. 01-48-4 
Date 4/79 


Damping Material Corning 7570 + 2% Na 0 + 2% KHCO3 


Material Thickness 0.0472 cm Material Density 9.19 g/cc 




















Fixture No. 2 Beam Thickness 0.0942 cm 
Beam Density 9.13 g/cc Beam Length 21.031 cm 
Temperature Test Range: Between 495 °C and 345 2C 
Frequency Test Range: Between 90 Hz and 1,500 Hz 
Loss Factor Np? 
Peak 100 Hz Np 0.50 Temperature 425 °c 

1,000 Hz Np 0.50 Temperature 450 °C 
Range 100 Hz 445 °¢ 410 2C 

1,000 Hz 460 °C 430 °C 
Complex Modulus En": 
Peak 100 Hz 5x 10° PAS Temperature 405 °C 

1,000 Hz 5x 10° PAS Temperature 430 2c 
Range 100 Hz 440 °¢ 395 °c 

1,000 Hz 455 Cc 410 °C 





NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL :BEAMN NO. 01-48 
LOGERCLOGERL 3+ (2LOGCAROMZML ) 701+ (CFROMZFR £3N ) 
Te re pri N A 


az 
458.6 2. -4560€ 003 4.0380E+10 -696 4. eS00E+e9 
- 0) 7 
TOS tETA CLOG CETAEROL) 3#( (SL*SH )A*(SL-SH )(1-SORTC1I+ARB2)) Cre 
Te ETAFROL SL SH byte Cc 


sd BS 
856 4se 5.98006 +02 -9@0 
LoctrR jstocce) d- Sact-Te ” (52571. 8+T-Te) 


REMARKS: _F-107-2 project. Coating smooth and glossy with no 
a ee 


visible signs of deterioration. Coating was retested: 01-48-5. 
Sg ee ee 
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TABLE 30-B 
Beam No. __01-48-4 
“FE 6 ft, tL fn éf ne Ne 1dB 







[FeEps] ee ee ee 
[925 | 2 |T 93.39] 102.18 | 93.29 | 93.53 | 0.24 [002 [| = [| 
| |_3 |! 260.45] 295.60 | 260.06 | 260.87 | 0.91 | oom | | 
| 562.90 [| sio.sa | siz.sz_| 2.08 | oo | | 
| 932.10 | s4o.01 | eas.co | 4.78 | oos7 { | 

}1252.52_|1263.12_ | 10.60 | .oo8e | 

| 00035 | 








| 842.14 | 9.79 

j12s6.23 [1276.5¢ | 20.32 [.o1r | | 
f 93.62 | 93.95 | 0.33 |.0035 [| | 
| 260.92 | 262.58 | 1.30 |.ooso | {x 
900 | 5 i; 846.51} 834.50 | 861.32 | 


[953.46 | 12.14 |.o143 | 
| 900 | 6 j[ 1260.08 | 1398.60 [1253.80 [i276.25 | 22.45 | .0177 | 
2 | _s4ta | apzs7t_} 93.84 | _ 84.26) _o.s2 1.0088 | 
















| 260.94 | 263.66 | eae 

Mars foe] siscea] sesce0[ srien[ saeee [9.9 Lip 

BTM BREST PCO CTT ET GN 
875 3 |]. 1279.14 11402.00 $1267.14 [1286.53 | 38.11 [.0296 | 
eso! 2 j[ 94.45] 102.97 | 93.92 | 95.04 | 3.23 |.o120 | 

aso | 3 || 264.27] 287.90 [259.08 | 267.65 | 8.58 [.oszs {| =| | 












°F f £ f ft 


c e L R n n 1dB 


af . c 
Ce Ee | i a ee EE RE ER a 
| eso | 4 || s26.10] 567.10 | sia.13 | 536.08 | 21.95 | 0417 | 
[aso | 5 || e64.71| 939.20 | eac.c8 | see.39 | 37.9: | 0838 | | 
L850 | 6 1313.30] 1405.40 | 1289.20 | 1368.12 | 78.92 | .o60, | | 
|_ 825 95.88; 103.22 [96.17 | 97.62 | 3.45 |.0360 { = | 
|_ 925 Fe scll wenoslaaaiss | cerascl aca tsi | ses) x 
825 Ber PT PTT GE WP ETON | 
e2s | sl] s9s.74] 941.60 | 98.03 | 921.98 | 40.01 | osso [| 
e25 | 6 i 1383.66 [1409.10 [1356.43 [1413.64 [59.212 | .osze | | 

goo | 3 Sol aus eet | en Pa | ee ee oe 
| 0565 | 


[| soo! 4 #{ s67.21| 570.00 | ssi.64 | 583.69 | 32.05 | ae ae 

i_ goo! s ‘| 936.27! 943.80 | 912.69 | 966.13 | 53.44 |.o8 | + 
goo! 6 if rais.4o jitiz.so_fisss.s_frarzso _fanen {oma _{ __|__] 
[soo f 2 “| se.c9| so3.e6 | 95.79 | ror.te | s,s} .oses | ___ 

i TE 3 | 275.68! 289.40 
goo 1 i $57.00] 570.00 Paeacar | sraee [a.s0 [one 
| 800} 5 || 920.94! 943.80 | ea¢.e4 | 939.29 | 54.45 |.os91 | = | | 

: 800} 6 397.431 1412.50 [1378.42 [1419.93 | 41.51 | .0297 [_—_——}-—— 
775 1 2 : 101.30! 103.72 | 100.25 ! 103.07 $.54 1.0547 


286.78 | 290.25 | 281.41 | 290.01 16.90 _| .0589 aes 
576.08 | $71.40 | 563.16 | 597.97 34.81 | 0608 0470 | 
| 7751 5 : 944.4): 946.00 | 935.18 | 948.67 26.51 |.o2a1 | .0370 [ x | 
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TABLE 30-B (Concluded) 


Been No. 01-48-4 


oF £ f, f, fi, at oo he 1aB 
fems.jxode Tid a eee ae 7m eee 
750 | 2 ! 104.78] 103.98 | 102.96 | 106.48 | 3.52 | .00336 | Rea 
750 | 3 {{ 297.28| 291.00 | 295.38 | 299.27 | 7.68 | .0257 | px | 
[750 | 4 |! 37.03] 572.70 | 5e0.95 | 593.85 | 15.90 | 0271 | | | 
750 | 5 {| 971.30] 948.70 | 963.02 | 980.67 | 17.65 | .o182 | |_| 
750 | 6 || 1462.42 | 1419.20 [1452.86 [1474.65 | 21.79 | .ol49 | | 
103.36 | 106.92 | 3.56 | .0339 | 0338 =| 
| 750 292.00 | 290.42 | 300.53 | 10.11 |.032 | |_| 
{750 i 572.75 | 579.39 | 594.88 | 15.49 | 0264 | .0266 | 
750 Hi} 970.72] 948.20 | 960.54 | 980.14 | 19.60 | .0202 2199 | 
750 | 1469.60] 1419.20 [1459.63 |1682.90 | 23.27 |,o1se | .o1s3 | 
725 1106.69] 104.21 | 105.47 | 107.55 | 2.08 |.ois | | | 
725 | 301.24] 291.80 | 299.18 | 304.11 | 4.93 |.oue | | | 
725} | 593.38| 574.10 | 589.67 | 596.99 | 7.32 |.0123 | | | 
| 725 | 5 ‘1 982.31] 950.50 | 876.18 | 986.40 10.22 |.o10e | | 
725 | 6 i| 1473.61 | 1422.60 [1466.53 [1482.46 | 15.93 |.ol08 | | 
700 1 107.65| 104.46 | 107.10 | 108.24 | 2.14 |.o1oe | | | 
700: 3 3] 304.55] 292.55 | 303.27 | 305.76 | 2.49 |.oo82 | | | 
200 {| s9g.48| 575.40 | 596.75 | 500.09 | 4.38 |.0073 | | | 
700 | 1} 990.701 952.60 993.26 6.04 j.001 | |_| 
700 | ij 1485.75 | 1425.80 [1481.25 |1491.48 | 10.59 |.oo7 | | | 
| 675 | 2 |[ 108.60] 104.70 | 107.82 | 108.86 | 2.04 |.0096 |.0059 | i 


#2 z = f. af Ny ne 1aB 

[ cers. inode] Oe 

675 | 4 || 602,05] 575.00 | 601.05 | 603,75 | 2.70 |.o08 | || 

67s |_s 1! 996.371 954.70 | 995.30 | 998.32 3,02 | oox0 ff 

67s | 6 #1 1493.14| 1429.00 [1489.90 [1497.25 | 7.35 |.0009 | || 

sso | 2 #1 108.32] 104.95 | 208.15 | 108.57 | 0.42 |.00399 | | | 

650 | 3 f 306.59] 294.30 | 306.31 | 307.10 | 0.79 |.002% | | 4 
6so | 4 Hl 602.10] 578.50 | 6vi.12 | 602.73 | 7.61 | .0027 | ‘| 

650 | 5 {] 995.57] 957.00 | 994.90 | 996.93 | 2.03 |.o020 | | +4 

650 | 6 |] 1493.70] 1432.00 [1499.94 [1496.54 | 6.60 | .0048 | .0035 | ‘| 

| Saar aaa eR SRNR SST eee (eee CONT 

7 | Gee aa) ees a ae ee 

if ! 7S PSE Ge ee eee See 

Hl ea eee ee ee, es er 
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DATA SOURCES 


1BEAM NO. 
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AFML sUDRI BEAM COATED ONE SIDE 4727 
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Beam No. 01-48- 


Date 4/79 
Damping Material Corning 7570 + 2% NajO + 2% KHCO, 


| 
i 
| 
i 
i 
| 





* 4 
‘ht senet lmetwanont enn ne hana nae Meee neaoNdaisLanan 





Material Thickness 0.0472 cm Material Density 5.19 g/ec 
Fixture No. 2 Beam Thickness 0.0942 cm | 
Beam Density 9.13 g/cc Beam Length 21.031 cm 
a Temperature Test Range: Between 480 °C and 315 a @ | 
a i Frequency Test Range: Between 100 Hz and 1,530 Hz | 
E | Loss Factor Np? | 
Peak 100 Hz Np 0.60 Temperature 370 £C | 
1,000 Hz Ny 0.60 Temperature 380 °C 
| Range 100 Hz 345 °C 410 °C | 
1,000 Hz 360 °c 435 
Complex Modulus Ep"? 
Peak 100 fiz 1.4 x 10? PAS Temperature 370 SS 
1,000 Hz 1.4 x 10° PAS Temperature 380 °c 
Range 100 Hz 340 “Cc 410 26 
1,000 Hz 345 "eC 435 °C 


NOMOGRAPH CURVE FIT EQUATION: 


ATERTIAL 101-48 CORNING 757 
Logins bE SLB ag 1s gaonven any 
Te 


420.0 6. ,sae0ceee a. 3000c+1e 2178 1. 6800e +13 
¢ CFRI-%,0G66 4 
toe ee cE EES EERE cteannecst- rea “SQRT(1+ARE2)) Cre 
Te FROL St FROL Cc 


83 B4 BS 
382 45@ 1.S@Q0E+04 3.400 
LogteR}= SLocEo= Stact- -Ta)7(S2S71- 847-19) 


REMARKS: F-197-2 retest. Retest of 01048-4 after 121] hours at 


480°C. 
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Beam No. 01-49-1 
Date  _—s:12/20/78 


Material Thickness 0.0211 cm Material Density 2.82 g/cc 


Fixture No. 2 Beam Thickness 0.0947 cm 
Beam Density 9.13 g/cc Beam Length 20.884 cm 
Temperature Test Range: Between 845 °C and 565 °C 
Frequency Test Range: Between 90 Hz and 1,450 Hz 
Loss Factor Np? 
Peak 100 Hz Ny 0.62 Temperature 765 °C 

1,000 Hz Np 0.62 Temperature 895 °C 
Range 100 Hz 715 °€ 885 of © 

1,000 Hz 840 2¢ 960 °c 
Complex Modulus En”? 
Peak 100 Hz 9x109 PAS Temperature 720 °¢ 

1,000 Hz 9x 109 PAS Temperature 775 °c 
Range 100 Hz 660 °C 770 °C 

1,000 Hz 715 “Cc 840 °c 


NOMOGRAPH CURVE FIT EQUATION: 
MATERIAL 2J85-6 (01-49) INITIAL 
SE teeta MRR RRON FS ARD 


ae a3 A4 
9a eee- O4 bas 50@e@E+09 +668 1.5@00E+09 


$S@.e@ 8. 
as(LOGirR)= -LOG(FROL) 
POGCETA)-LOGCETAFROL }+° (SL+gH Ae (SL-SH2¢1- SQRT(1+ASE2]))IC72 
ETAFROL SH FROL c 


B4 S 
550.08 634 «380 +508 9.0008E-04 +880 
LOG(FR)«LOG(F )- sect-Te07 (Sase1. 8+T-TO) 


REMARKS: 385-6 test 1. Corning matrix M-12, specimen was retested 


as 01-49-2., 
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TABLE 32-B 


Beam No. 01-49-1 


f £ £ £ sf n n 1dB 


(Sees ees aaa 


01828 | .01383 
505.98 | 513.64 | 499.58 512.38 12.80 oes eae 









‘a 93.10 1.32 

| 256.58 | 262.30 : 
re gsi.10 | 3.91 | 956.20 | 24,20 | .o2sse | 
1266.06 | 1274.09 |1244.42 | 1285.44 | 41.02 | .03240_| 
{_93.79 | 93.92 [ 91.02 [ 92.56 | 1.54 | .or678 | 
263.41 Be | ae Bo fe 02313 
; 38.87 

| 

| 

| 

| 


-03070 


857.74 04535 | .04412 
1277.32 | 1283.80 [1251.66 | 1302.98 | 51.32 | .oso18_| 

| 2 || 92.92 { 94.60 | 91.86 | 94.02 | 2.16 | .02325 
| 3 |{ 263.70 [265.32 | 258.86 | 268.15 | 9.29 | .03523_| 
| 4 ff 526.81 [| s21.49 | si4.71 [537.32 | 22.60 [04290 | 

| 5 jj 874.30 | 64.01 | 954.32 | 093.08 | 38.76 | .04433 | .04372 
2 |{ 93.91 | 95.42 | 92.32 | 95.52 | 3.20 | .03408 | .03198 
| 3 || 268.74 | 267.52 | 265.05 | 271.80 | 11.60 | 04317 | .04194 
| 4 |{ 534.32 | 525.90 | s2e.59 | s40.c1_ | 22.27 | .o4168 | .o4o89 

| 5 {[ 993.44 [7.22 | 975.40 | 911.82 | 36.42 [04075 [03995 | 
| 6 |{ 1346.85 | 1304.00 [1336.20 | 1357.42 | 42.35 | .03076 | .03012 _| 
2 || 96.43 | 96.21 | 94.16 | 98.48 | 4.28 | 04438 | .04273 | 
| 277.80 | 269.50 | 273.60 | 260.71 | 13.86 | .05067 |.04957_ | 







| 

{_s46.o1 | 529.69 | 536.78 | 555.59 | 16.61 | 03445 | .03381 | 
[911.12 | 077.46 | e97.9 [924.78 | 26.09 | 02951 | .ozeaz _| 
| 1366.46 1373.70_| 31.69 | .02319 | 02260 _| 











ft fh £ of n 







c 
Se A EE ATE aa Le 
foal ae ee ee ee ee 
279.77 | 284.53 pet fomean dene J 
[$55.18 | 533.24 | $48.25 | 562.06 | 13.82 | .02487 | .o2442 
924.72 | 983.43 | 915.66 | 933.43 | 17.77 | .01922 | 01862 _| 
DE Ee 26.66 | .01926 
| 100.87 | 97.52 | 99.20 | 102.38 | 3.18 | .03153 | .03023 | 
a a Ge tela Lanna 
| Pana | 
| 
| 
| 
| 


1399.05 | 1331.72 [1394.17 | 1403.13 | 17.47 | .012490 | 


$62.25 | 537.16 | 557.97 | 566.50_| 201472 
: 
102.56 | 98.18 | 101.47 | 103.52 | 2.05 | 01999 


35.07 889.82 929.69 940.81 01189 01134 _| 


01207 
|_s68.46 | sar.10 | se6.o7 | 570.88 _| 
| 944.93 | 995.80 | 941.70 | 948.20 | 6.50 | 0680 | .00637 _| 


|_277.20 | 201.12 | 293.29 | 
$73.12 | sa4.90 | 571.53 | 574.69 | 2.16 | .oossi_ | 

| 952.29 | 950.03 | 954.38 | 4.35 | .ooss7 | a 

Jie | ser fein anna | ede jeanne x 

| 104.90 | 99.58 | 108.61 oosza | 

294 59 anaen | 

| 1.98 | .00325 


578.07 


[424.13 | 
|_292.22 | convex | 
[573.12 | 
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Material Thickness 0.0212 cm Material Density 2.82 ¢/ec 
Fixture No Beam Thickness 0.0947 cm 
Beam Density 9.13 g/cc Beam Length 20,884 cm 
Temperature Test Range: Between 845 °C and 595 °c 
Frequency Test Range: Between oi Hz and 1,450 
Loss Factor np: 
Peak 100 Hz if 6 Temperature 760 °C 

1,000 Hz n 9. Temperature 835 id © 
Range 100 Hz ___720 Ee 820 ce 

1,000 Hz 796 °C 896 °C 
Complex Modulus ED : 
Peak 100 Hz 1 x 10?° PAS Temperature 720 aC 

1,900 Hz 1 x 16!9 PAS Temperature 800 6 
Rance 100 Hz 675 oC 775 °C 

1,090 Hz 735 ze 900 °C 
NOMOGPASY CURVE FIT EQUATION: 

MATERIAL :J85-6 AFTER 190 HRS. & 2490xF 


760°C. Coating deteriorated slightly. Specimen was thermal soaked 


an additional 236 hours at 760°C. When removed from furnace, after 


ele lace Biel FPOM-ML Sc 
T2 ig 


ARON nN 


8.aeage-e« 


Aes POptFR)-LOG(FROL re 
CERES nga Rot sae opree 72 


Te 


ETAFROL 
Bi 


Be 


Re 
4.2086E- 


-.530 S. eeeoe-04 


$50.¢ 634 ~38e 
LoGé FRILOG(F )- ~12¢T-T3 7 (S2571.84T-78> 


(i+iFROM- JFRIBEN) 


a4 
SS2 =3.2290E+39 


S 
-G13 


REMARKS: J~-85-6, test 2. Retest of 01-49-1 after 100 hours at 


five to ten minutes at room temperature, the entire coating fraq- 


mented and came off the beam. 
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TABLE 33-B 
“ ts - A ze zt a. ss tes 
a ae ee : y a ee eas ee ne ed 
1600 2 90.86 1 92.36% 90.20 * 91.46 2.26 01387-90667 _; H 
‘ 3 255.49 . 259.05 j 253.08 . 258.32 5.24 ' .02951 - .02608 i 
i+ 4 _508.76 $09.55 | 499-31 + 509.12 * 9.80 + .01742 ° .01680__ { 
foe 5 836.88 : 944.0 | 828.63 : 949.16 ' 20.51 02145 * .02197_ ; 
__f 6 .1256,16 j 1263-8 [1246.98 11265.55 ‘36.88! .02936_' _.02766 : 
: isso; 2 *! 91.76 | 93.1 P 92.49 | 1.45  ' 03580 } .00985 i 
; 73 1 259.68 | 261.3 | 256.75 { 262.55 | $.80 . .02234 | .or9ee $0 
TTS sin.30! $23.64 | 503.24 | $16.77 | 13.53 02646} 02872) 
' ~S_ . 850.61 } 851.1 | 843.77; 857.85 28.46 * .03345 } .03181 i; 
JS 6 441290.36 | 1274.09 -1257.07 1283.26: 51.47 04052 {| .03927 * i 
11580" 2 -' 41.71! 93.1: 90.99 * 92.43 3? 3.64 02570 _"_.c0975 _s 
-3_ _259.61 + 261.3} 254.79 - 263.29 "5-40 .02236 02946 * : 
. 4° 509.65 } $13.68 | 503.03 | 516.28 + 13.25.2600? 02426 + 
: 15 * 949.78 {| 851.) | 842.47 ° 857.08 "28.71 03379 | 03715 
6 11270.33_: :—1274.09 {1258.56 1282.50 __47.05 __.0938)__.03578_ —_____ 
; i800. 2) + 92.66 "93.92 | 91.77 * 93.87 3 3.80 7.91963 * 01506 * : 
: 3253.11 | 263.42 ' 259.96 | 265.68 - €.22 7366 { _.ozu49 2 
it 4! 522.28} sis.o_' $10.32} 534.25: 23.93 | .0ase2_*_.084s2 * ae 
864.42 857.74. 855.70. 873.15 37.29 + .03967.o3see 
_——- —S_ 11286. 56 : 1283.8 '3266.79 1306.32 - 77.65: ~.96038 = 05938 = 
2 i { : - f Hu : 
oad aH Sian i : : 
SE =. . z. Fs os %s a tes 
SEES i aaa 
,asso | 2 {f 93.92] 9g.6 ° 22 61 95.26 ' 2.63 + .o2zs00! 02519: : 
uf _3 268.465 265.32 | 263.54 273.30 - 9.76 $ .03636"_.03676 | : 
i 4 525.63. 521.49 | 523.72 533.59 ° 19.39 ¢  .03690° .035$9_ : 
i 6 '%1394.$8 i 2203.7 | 1348.28 [1360.89 | 24.78 01829 | 01753: : 
1600» 2 + 95,22 95.42 93.52: 97.05 + 3.53. 03707: .03503. : 
: 4 _ $34.05. $25.9 $28.34 - $39.75 22.44  .G4202° 04130, —~CS 
oa - 5° 900.29 871.22 892.45 = 908.13 © 30.82 ; .03453 , .03373. : 
1400; 3! "267,58 | 267.09 : 276.83 9.74 03581 .0345¢ i 
__ i 4 + 594.75 * $25.9 "532.97 ' 535.58 5.92 01106: .01046 * cote 
6 USTLLTS 5 4306.0 1365.59. 1376.73 - 21.89 201596! 02535 ‘ 
+1350 2 97.74; 96.11 + 95.59 99.63 - 6.08 “98133? 03985 
550.60. 529.69 1 54.28 - $55.98 19.06 93462 © .03393 - : 
8S _ 918.97} 877.46 | 910.09 5 922-01 23.43 S25$7 02493 : 
13503. 277.25. 269.5 | 269.88 281.78 11.9 - 04292, 08270 : 
- tt 4 549.95 $29.69 § $42.34 "$58.78 16.08 07928! .az876 © : 
6 + 2376.41 ; 1313.35 | 1372.83 1381.88 17.06 "04286 i; 01236 - ee 
3300 "2 «499.95 96.82; —«98.29~—«10.83 SSE 703542 .03392_ i 
_ 3 t 263,20 271.3 278.32 286.52 7.2 «RSA? 2.02682 . 
; 4: $39.33, 533,24 , 555.78 562.41 - 13.93 07330 - 2228 soe 
——. 929.92 883.43 924.61 993,19 poses one) __ea7ss. 
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$70.14 | 570.14 | 2.03} 01241 | 01202 = 
T$an.13) 9.92 01055 1.00990 | 
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7 sama IES Ona 0 wires ame ae 
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Beam No. 01-49-3 
Date 4/3/79 





Damping Material Gwens Illinois CV-101 








Material Thickness 0.0297 cm Material Density 6.74 g/cc 


Bi Fixture No. 2) Beam Thickness _ 0.0947 cm 
4 Beam Density 9.13 g/cc Beam Length 20.884 ra 
a ™mperature Test Range: Between 480 °C and 595 °C 
: ".+.qpency Test Range: Between 90 Hz and 1,400 __Hz 








' 
‘| Less Factor Ap? 
q | veak 100 Hz np * Temperature ‘ °C 
3 i 1,000 Hz Np * Temperature * °C 
4 Range 100 Ez * ec a °c 
: : 1,000 Ez * °c * 8 
4 Complex Modulus En": 
; Peak 100 Hz 1.6x10° PAS Temperature 495 26 
4 | 1,000 Hz 1.6x 103 pas Temperature 520 i 
Range 100 Hz 455 °c 530 ce 
| 1,000 Hz 480 geen en 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 301. 
Login) -Logeni+(etoccnRonzmt eee eae 
Te ary A 





a3 
@.0 2. ese7E+00 S. eos1E+09 -471 6. 7B16E+e8 
a=(LOGiER I= -LOG(FROL))/C 
LOGcETADeLOGLETAFROL }4{ (SL+SHIA¢(SL-GHIC1-SORT( 1404299672 
ETAFROL SH ee ¢ 


He B3 BS 
$0.8 200 -S08 ese 1. aoe0e-e1 1.000 
LOGCFR )eLOG(F )-12(T- e)-(S2571- 8+T-T@) 


eee mee 


en 


REMARKS : Crystallizing glass. Thermal soaked for 100 hours at 
760°C. Coating deteriorated; could not be retested. 


* Could not be measured. 












































































































































































































































































TABLE 34-B 


° € é € a 
F fo a ty fp : s c 


Se aL Sha SLL Le one ene 
1i00 } 2 «I 91.23] 99.48 91.13 92.36 00285 Pi cek et | 
[259 [ roo | ass.0_| 56.0 Ce Ae a 
wt 


mn 
J 
a 
he 
a 
a 


{1100 4 3 

(zoo | 4 i s00.92] 545.00 | 499.40 | s01.68 | 2,28 | .00as5 [|__| 

$1100 | 5 i, 830.48} 907.40 | 829.38 | 831.8) 2.43 | .00292 | 

[auee [6 tevor ias.oo [ene 20 ier. 20 | "5.00 | ono 

jioso | 2 fj 93.12] 100.08 Cee MT Be 
[ose ts fl seaer[anecee[ oei-ts [besa aea [ssa] 
| (1050 | 4 i{ 514.87] 548.40 | 523.62 | $15.70 2.08 
| [oso | 5 | 054.90] 912.60 | e53.08 | e56.e0 | 9.72 | .00035 [1 | 
| [ieso} 6 ‘| 1276.41 7-1 | .00580_| |__| 

irooo | 2 ‘| 95.37| 100.62 | 94.92 | 95.87 0.95 | .oo996 | | 
‘ * 1000 + 3; 267.73] 282.00 | 266.74 | 268.74 2.00 | .o0o722 | | | 
i ove {a il s20.83 js84.50_| 529.32 | sas.r6_ | a.a | ogee |} 
: 869.54 | 873.50 3.96 | .00454 
: i000} 6 1300-14 | 1374.50 [1297-11 [1300.20 | 7.09 | 00545 i 

i950? 2 | 100.797 101.16 | 100.28 | 101.54 | 1.26 | .o1025 | 

950 | 3 if 282.80] 283.10 | 261.76 | 204.00 | 2.24 | .oo792 [jf 

i 950 / 4 :1 549.66% 557.40 550.96 | 3.77. |.00680 | #8} | 

| 9501 5 *! 911.00] 922.40 908.88 915.49 | 6.61 .00725 | i 

950! 6 ,| 1353.34] 1381.60 |1348.65 |1360.29 j 11.64 | .00860 


900] 2 1] 100-82] 101.68 | 100.46 | 101.16 | 0.70 | .00ss [| 
900 3 |} 707.64] 264.30 | 206.69 | 200.76 | 2.07 [.oo79 |_| 


°F £ f £ f£ 


c n L R idB 


presp. [Mode 








| 900 560.97 ean ae ee eee ee 
900 927.00 | 928.31 | 932.62 | 4.31 | oosss [ | 
900 | il Ta 99 1369.04 | 1379.95 19.9) | .00708 | | | 
850 i] 103.95 104.19 0.39 | .00375 ae 





l] 292.84 285.30 292,33 293.23 


“) 572.10 $62.60 $71.38 $72.85 | 


4 

5 

6 

2 

3 

4 ! 
S if 944.70] 831.40 843.55 | 946.10 2.55 ' 00270 } 
6 

2 

3 

4 

5 

6 












1391.88 | 1394.80 |13R8.58 | 1399.01 10.43 | .00749 

Tamera nea | 104.91 0.23 |,oor9 | | | 
‘| 294.88 | 286.30 | 294.55 | 295.1: 0.56 _} .00190 
‘| 575.83] 565.50 | $75.18 | 576.54 | 1.36 | 00236 i 


“T951.60] 936.00 | 950.82 | 952.74 1.92 |.00201 | {| | 


t 
i 
if 1399.34 | 1401.00 1394.47 | 1405.90 11.43 | 00817 ! 
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Beam No. Q1-49-4 
Date 4/25/79 


Damping Material Corning 7570 + 6% Naj0 + 6% KHCO3 





Material Thickness 


Fixture No. 


Beam Density 


Temperature Test Range: 
Frequency Test Range: 
Loss Factor nv .: 


D 

Peak 100 Hz 
1,000 Hz 

Range 100 Hz 
1,000 Hz 


Complex Modulus E,,": 


Peak 100 Hz 
1,000 Hz 
Range 100 Hz 
1,000 Hz 


NOMOGRAPH CURVE 


REMARKS : F-107-4. 








FIT EQUATION: 


ingful data obtained. 























0.0183 cm Material Density 5.04 g/cc 


2 Beam Thickness 0.0947 cm 
9.13 g/cc Beam Length 20.884 cm 
Between 525 °C and 426 °C 
Between 95 _—s«xHz and 1,450 Hz 
1p Temperature °c 
Np Temperature °¢ 
°c °C 
*C °C 
D 
PAS Zemperature °C 
PAS Temperature °C 
°C °c 
°c 2c 


Coating deteriorated during test. No mean- 


ncn nea a Nain 


1 mee 


i aiahaimnees mememinie ailt o 
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TABLE 35-B 











tr f i £: a rd ne a ids 
0S Se ee pe ee r ant roa 7 . ] 
1 +32 eo ¢ + 7 | 
! : 8.77 16 t 
2 198 9 95.371 98.50 | 99.16 66 2 eae a aT i 
: i a56 H 1 ' H 
ae : 3 278.55 267.231 277.95 1 299.55 L.60 | —| 
: j $45.52 + $54.50! $44.2 i 547. 28 3,07 | a 





4 ce St 
: -_5 || 901.60 | 917. go] #99.73 904.791 5.06 | 0056 } Po i 
i “6 IE 1374.50] 1348.70 a ae al 
| 

















i 1352.30 _| {1357.95 9.25 _|__.a0ea | 
ae Is. 2 "+ 99.97 | 98.261 99.72 | (a jeugae 36 4 5 ! 
i 13+ 281.93 | 275.201 281.26 | 282.541 1.28 + 0045 : 
: ig liss3.41 | 555.951 551.70 | 554.46) 2.968 | .00so__| J 
iis | 725.50. 920.10] 913.53 |_917.94] 4.42 | onan i 
ND nee eee ee eI : — 
pemeeemnre Siep Fic Fal Se Vert Ale rd Oe VC Lh | re Oe 
9501.2: 201.30 j__201.16{ 100.98 | 101,531 ss i loose fF 
: 3+) 285.88 | 283.10! 285.02 ' 286.30! 3.38 | oogp | i j 
IG russes. | 1 557.4 1 958.85 Ie s5eisso™ 2,45 | : i i 
: ~ +S 1926.43 922.40} 924.05 | 928.16 | 4.09} a044 ——- ce A 
i 













































1g 1392-85 j 1381.60) 1398.75 | 1396.94) 19 0059 
i 192s iz! 98.87 1101.42 199.48 1 99,541 dao | 
, ! 3 279.49 283.701 278.04 201.87 | ama See ee 
: 4 ':549.58 , 558.80! $45.15 ' $53.73 | 8.528 0156 | ; i 
: ' "5 1920.48 j 924.70) 905.48 ¢ 921.23 ' 35.75 + 0173 | : me 
i 6 1377.55 +: 1385.10. 1371.04 Ht 1384.48 1 25.63‘ .o186 | ' 
; | t ! . i i ' piconet eee en ety 
‘ 
| - ~_ 2a 
y oF zo qh a fs sf he Te 223 
3 ccaenh See : : 
3 eeRar Se mesa pe ee ee ee OI te ee ee ee ee 
| [925 ! 2 { 102.05; ae ee ee ee 
Hi 3 f'__288.08! 283.70 __ 287.46 | 288.46} 3.60 aura eee 
| i ia if s6e.a3/ 5se.80 | 563.55 j 565.78 78} AO nee 
{ j f iS 933.52) 924.70 | 932.10 i a er 
= | j____' 6 ~{ i406.42! 1385.10 | 1402.00 | ; a 
= | 900: 2. 102.79} 101.68 $ 102.55 | 102.99 :  .s0 —* _, 9039 pe et 
s 3 a ee ead] 204.20 zg.as | 290.46 {aon gnag | 
Z i [4 ij s6s.os! s60.20 + 367.18 | 569.37 1.99 20035 aa ae 
‘ . 3.5 i 939.58! 927.00 | 937.71 ! 941-33. 6.38 rahe Bose Seteaet ete ee 
\ te 3 ea eae 6 i 1423. 85; 1388.60 "1410.67 |! 1416.90 | 6.23 | 004s hoes 
f i goo ' 2 104.771 106.65 | 108,49 | joao | 4a | A a es Sa 
Ss 4 : -_3__i__295.58! 294.88 | 295.12 Barware ef ermal a ee ae 
is s _A__ 1576.08) 575.83 * 574.97 | sa0.19 | 5.22 hai 2? 00806 1 
i iS + 958.07! 951.62 1 356.42! 960.16 eee 
‘ + 6 4 1462.70: 1399.34 {1439.35 | 1446.16 6.81} .0n472_ : 
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| 4 Sy ey +s ~ e oi 2 === = a — ar == 
! i Beam No. 01-52-1 
| Date 11/28/78 
Damping Material Corning 0010 + 10% A1203 + 1% Co903 
| 
| Material Thickness 0.0163 cm Material Density 2.82 <gf/ce 
i Fixture No. 1 Beam Thickness 0.0960 cm 
Beam Density 9.13 g/cc Beam Length 20.900 cm 
Temperature Test Range: Between 925 °C and 620 °C 
Frequency Test Range: Between 96 Hz and 1,375 Hz 
j Loss Factor np: 
| Peak 100 Hz Ny 0.50 Temperature 795 2C¢ 
i 1,000 Hz Ny 0.50 Temperature 265 °C 
Range 100 Hz 755 eC 835 £C¢ 
: 1,000 Hz 820 °C 910 °c 
: Complex Modulus En”: 
H i 
a Peak 100 Hz 7.6x 109 PAS Temperature 765 °C { 
1,000 Hz 7.6x 109 PAS Temperature 835 °C i 
j Range 100 Hz 710 °c 825 °C 
a 1,000 Hz 750 ec 895°C | 
{ 
‘ 
7 NOMOGRAPH CURVE FIT EQUATION: 
4 “ATERIAL 178S- H 
} vagy Lois etomimmon ae ESTER ann { 
4 @.@ ec. aes 6¢E 22 i. s1deEste 93g 5. SeeeE +09 i 
’ | pe LOGiFR) LOSE EROL? 37€ i 
it LOGLETA 20 LOG (ETAFROL + (SL#SHIA+(SL-SHI(1-SORT(14ANE2))IC72 i 
: TQ ETAFROL SH FROL c | 
| 83 34 BS i 
it 600 460 -.330 1.:5¢e&-e3 =. 34e I 
cf LOgeeR JeLOGcF )-12:7-703(S2571-B+T-T8) i 
Be | 
7 | 
! | 
is i 
% REMARKS: J-85-1. After test thermal soaked for 100 hours at 925°C. 





The coating deteriorated by approximately 60 percent; was dis- 


colored and the surface was very rough. 
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TABLE 36-B 


Bean No. 01-52-1 


a .dB 


. 
F ft £ £ fe ef ns lc 


c n L 


Tenp. ode SE SS DERE RRS pee AS 
1700/2 {| 93.44] 92.50 | 91-09 | 92-70 [1.19 | .0130_ | .0040 











1700 837.22] 834.00 | 829.41 | gas.68 | i5.27 | .o18z | .0133 

1650 | _92.32| 94.95 91.98 92.62 | 1.25 | .0135 | .ooa9 | x 
1656} 3 260.93 4.69 10177, «| .0125, SOX 
| i6so|_¢ | 11.05 .0217 j .0177 | 


10.25| $23.30 
| 1650] 5 47.71] 863.10 | 837.34 | 956.69 | 19.35 0228 .0197 
1650| 6 |] 1273.36{ 1272.40 | .255.03 | 1291.27 | 36.23 | .0285 0263 


i 
1609! 2 | _92.e3 | 93.70 1.65 | .or8c | .0220 
' 
t 
i 


ns 
“ 


261.47 264.27 5.46 # ,0208 -03270 i x 
1600 | 516.20 | $10.86] 523.62 | 13.16 .0255 .0237 
1600] 5 {| 859.65] 857.00 | 853.46 | 865.57 | 23.6: | .0275 | .oz55 |x 
| 1600] 6 {| 1292.54] 1283.00 | 1277.16 | 1315.6¢ | 38.54 | .0298 | .0283 | 
2 Hl os-2a] 95-00 | 90-16] 9¢-42 12.00] 020 | —S 
1500] 3 || 258.54} 268.08 
ool 2 || 95.87] 95.68 | 94.87 97.86 2.99 | .0312 


at 95.89] 95.68 | 95.31 | 96.68 | 2.37 .0279 
| 4 | s31-sojs2s.so | s23.19 [539.63 [| ie.2¢  f .o306 fT 
sco) eT Misia | aeeses [acta | core 


* 


P1450 97-49 96-42 | 96.68 fF 98-23 | 3-20 fF esre Px 
3 
F f. t, tL fn af a Ae 1a8 
reap. (ede ey SCS ES 
i 2350] 3 273.90| 270.20 | 272.16 er ee ee eee 


raso] «+ Hf sso.00] 529.50 | 532.25] sag.o9 | is.e¢ | 0293 ees 
j tase] ¢ Tf a3so.13] 313.00 [1334.80] 1364.30 | 29.50 | ome { | 
[reso] s []ssz.ts]s29.s0 | sesso] sse.rz | 13.se | worse | 0328 | 





1450 877.30 892.96] 914.79 | 21.38 | 0282 | .0238 
1450 }] 1373.96] 1323.00 1387.08 | 23.83 ~0173 =f 0168 













omen 


100.20] s.06 | oan {| 
¥ 


1378.62 19.65 013s | 


99.751 10162 3.465 -0362_ | x 

283.58 3.37 9155 x 
$51.42] S61.30 | 9.86 -O177 | ! 
920.05; 926.65 | 17.87 
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TASLE 36-2 (Concluded) 


Beam No. — 01-52-11 


ay 


i Temp. [Mode - 
| 1250| 5 942. 903.40 : : 5.421 — 
1 1409.28] 1242.00 ‘ 5 7.57 
568. ; : 570.26 3.91 = 
942. 939.65 | 945.00 : 


1411.33] 1342.00 | 1408.12 
104.66] 100.10 
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Beam No. 01~53-1 
Date 12/1/79 


Damping Material Corning 0010 + 10% A1,0, + 6% Na,O + 1% Co,03 





Material Thickness 0.0188 ecm Material Density 2.82 g/cc 
Fixture No. 1 Beam Thickness 0.0963 cm 
Beam Density 9.13 g/cc Beam Length 20.914 cm 
Temperature Test Range: Between 925 °c and 620 es 
Frequency Test Range: Between 92 Hz and 1,370 Hz 





Loss Factor Np? 
Peak 100 Hz Ny 0.50 Temperature 720 2¢ 
1,000 Hz Ny 0.50 Temperature 790 °¢ 
Range 100 Hz 685 °c 760 °c 
1,000 Hz 740 2C 825 we 
Complex Modulus Ep”? 
Peak 100 Hz 6.3x 109 PAS Temperature 710 OG 
1,000 Hz 6.3 10? paS Temperature 745° 
Range 100 Hz 645. °C 755 °C 
1,000 Hz 685 °C 805°C 
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NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 3535S 
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REMARKS: Thermal soaked for 121.75 hours at 815°C. Beam was 





a a, 





physically damaged and could not be retested. The coating was 
glossy with some signs of deterioration. 
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TABLE 37-B 
Beam No. i-S3-) 
be fo fo to fa af ns fe 1dB 
Fenp.[eode ea ee ee ee 
i700} 2 2230) 90.00 89.78 90.28 0.50 | .0056 {| 002) | | 
1700 258.20, 253.53 252.44 | . i i | 


508.00 498.53 496.07 500.58 


3 

4 -3i ; 1 
1706 5 842.60 826.99 823.22 | 2830.94 7.72 0093 -0044 | 

3 


1260.00} 1239.23 1235.36 | 1245.34 10.48 


| 260.62) 256.47 | 255.35 | 257.58 2.23 10035 fH 
1650] 4 || $12.80] $03.30 $01.68 | 505.85 | 4.17 0043 | 
0036 x | 











| 1650] 5 819.60| 835.48 5.65 .0068 | 
1600] 3 257.89 | 2.16 | .0083 0045 | 
1600] 4 || 517.50 506.36 | 510.70 4.34 9085 .0059__ | 
1600| 5 i] 856.80 
16001 6 1281.00] 1265.24 | 1258.74 | 1272.80 | 14.06 | .0111 0096 | 
: me —— 


| 1600 | 94.11} 92.55 92.86 92.36 | 0.975 | .0105 0059 =| X 

eee y 
509.05 | soa.i2 | sio.25 | 4.15 | .oo82 | .0056 |X 

7.72 | .0091__| .9071 

j_1265. 4c 13.20 | .9108 | .o089 | 

0087 |X 
261.70 263.07 | 3.23 .0119 .0092 

|_| [as2.e0 | e47.09 | 950.03 | 1.16 | ory [ony 
=| assiool Tateson” | i20-ea [i2es.007[xe.26 [0s [093 | 







: 1.40 0149 0113 
266.32 | 263.15 | 264.93 | 3.47 | 011 | om | 
0154 20142 
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276.18 
545.61 $55.50 | 18.42 0338 
909.40 | 902.72 | 915.21 | 24.36 | .oz6n__| 
1365.28 | 1355.90 | 1374.38 | 36.04 | .o264 _| 
98.96 98.35 2,40 10242 
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TABLE 37-B (Concluded) 


ee ee 


Beam No. 


fn af n 


s 
aa Sa ae aard eee) 
1398.46 | 1389.08 | 1407.26 | 18.18 | .0130 | 
| 101.30 | 100.96 | 101.64 | 1.32 | .0131 0317 


Cees eter ke en 


| 555.93 | 566.20 | 10.27 | .0183 | .0179 
933.34 
Ee rae rea eee era 
$65.14 | 571.40 | 6.26 | .o110 | 
|_1413.30 | 1418.79 | 10.53 | 0074 | 
1o4.o5 | 305.29 | 1.24 | .o1n9 | 
291.67 | 293.03 | 2.65 | .o091 | 
| 953.85 | 956.43 
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Beam No. 01-54-1 


Date 12/7/78 
namping Material _ Corning 0010 + 12.58 Aly03 + 28 CoO, 





Material Thickness 0.0137 cm Meterial Density 2.82 g/cc 












Fixture No. a Beam Thickness 0.9958 cm 
Beam Density 9.13 g/cc Beam Length 20.542 cm 
Temperature Test Range: Between °C and 870 °¢ 
Frequency Test Range: Between Hz and Hz 
Loss Factor Tip? 
Peak 100 Hz Np Temperature °¢ 

1,000 Hz Np Temperature °C 
Range 100 Hz °c °c 

1,000 Hz °C °¢ 
Conptex Modulus En”: 
Peak 100 Hz PAS Temperature °C 

1,000 Hz PAS Temperature °¢ 
Range 100 H2 °C “Cc 

1,000 Hz °C °C 


—_—— 


NOMOGRAPH CURVE FIT EQUATION: 


Pee ae 


REMARKS: J-85-3. While testing above 870°C, the coating pegan 


to peel off the beam. No meaningful data was taken. 
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Beam No. 


Date 3/73 








Damping Material 


6% A1l903 
Material Thickness 0,0169 Cm Material Density 2.63  g/ce 


74.5% 5162 + 12.75% NazO + 10.75% CaO + 




















Fixture No. l Beam Thickness 0.0963 cm 
Beam Density —=_—9..13 g/cc Beam Length 26.879 __ cm 
Temperature Test Range: Between 870 °C and 62¢ =C 








Frequency Test Range: Between 9& Hz and 1,500 Hz 
Loss Factor hp? 
Peak 190 Rz Tip 0.73 Toxperature 780 °C 
1,000 Hz Ry 0.73 _. Temperature 860 ba 0 
Rance 160 Hz 760 2¢ 805 °C 
1,000 Hz 800 ee 860 °c 
Complex Modulus E5": 
Peak 100 Hz 1.3 10'®pas temperature 755 °c 
1,000 Hz 1.3% 10!"pas Temperature 865 °C 
Range 100 H2 715 °¢ 7v9 °C 
1,0C0 Hz 77¢_ °C 840 °C 





NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL ¢J385-23 
LOG? +LOGCAL + COLOGCRROM SSL 3 OV C340 EROMCER ESN: 
Te FROA FROF x wt 


&1 a2 a3 a4 
675.6 i.7530E-@: 2.4508E+13 -S3@ 5.10@2E77€ 
Fe (LOG CER J-LOGCEROL D9 7E 
LOGI ETA DLOSZETAFROL 340 (SL 4S DAOC SE-SH D6 1-SORT( 14AS8E 2 C72 
Te ETAFRCL zs re FRCL c 


Bi B4 as 
675.8 -€50 47s ~-4€6 6.3009E-6c 382 
LOGCFR =i CGUF 7- 12¢T-T0)7(525-71.8+T-Te} 


™-85-13 test i. Retested twice: 01-55-3 and 


ay 
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REMARK 





01-55-4. 
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TABLE 38-B 


Beam No, Q1-5F-2 





°F fy fy fh fr of Ns Ng dB 








ee 4] Ay 
Blea TTC Ce 
eee eee! 

og 

ea oa 


























265.40 262.68 
521.68 | 520.10 | $15.36 | 529.32 | .97676 | .02592 

93297 | .03066 | 
i2ai.20 










03907 -03805 
272.9% 


870.36 .03612 | .03501 [| x | 
1330.30 | 1301.90 [1323.10 | 94652 | .04572 x 





268.55 
52R.50 


96.82 96.26 95.80 
274.71 268.55 272.68 






| 543.30 | 52.50 | 538.90 | 550.97 .0434e [04276 
| 906.50 | 276.30 | a96.03 | o16.0e | 41.17 [| .oasaz | oaace 
1310.40 | 1354.92 54.97 


1369.09 





°F fo fh fy fR Af n 


1dB 


s bred 


emp. det ASG ee Seay) eS 
CKTERET 








1400] 3 283.93 279.72 | 287.41 .95323 
558.84 | 530.26 | 547.74 
| 1319.80 | 2386.17 34.69 02486 


£69.13 536.60 562.77 $75.49 12.72 
945.64 890.00 936.63 953.94 -01756 


| 1400] 


1395.00 






x 
x 


x 










956.93 896.40 967.19 9.82 +00954 
106.95 106.38 -01030 =! 
298.A0 300.0: 200704 =~ 
582.72 544.20 581.55 583.97 -00771 


967.78 903.90 964.92 970.17 .90537 .00467 


1443.55 1347.40 1441.07 1446.47 41.96 90744 90307 





J 
i 
~ 
w 
o 


x 























197.94 99.80 107.58 192, 4° °.87 ANgNG 
300.384 279,30 700.70 307.7 24° 30F KE Loney 
SPRAY E7828 Rog, > Ron em “As pecs, Pires | i 


279 

















i} 
i a 
their uve nee Ae 



























































































































































































































































- a 
Le] 
Ww wt 
“ 
o 
5 (7) 
3 © 
& 
9 
ci 
a 
a 
a 
e S 
Qo 
-~ 
ef 
A “ 
a 
g 
on | 
. 6) 
S 
= 
an 
oO ~ a 
— Lai © 
q m = 
| 1 
| [oo] a 
Hi ” “ 
i foe S 
I. ie3| < 
Hi oy a 
| 
‘ es 
i BH 
r* S rm 
rm 7) rr) 
“ 
«4 
4 
ie 
3) 
iP “ 
i 
b 
eal 
‘ 
} 














Aaa ed naa dn 






















































































































































































































































































GO+39eL£0'° 4 
oer aane 
O5+386262" 5 
Qt +362900' i 


6O+3atEe 


BHWOWNUMUN TOME 


UO MUO D et DLN Ds COO TUNaS SUMWVSOMNNANUNST AUOVOMMUUNW 


66+3E982 
60+39SE8 
60+32022 
80+3EEre 
80+3r996 
60+35099 
60+3682» 
60+31S26 
60+39020 
68+32618 
Oi+3ZTrEd 
60+39ETE 
60+3evee2 
60+399S2 
60+329€6 
60+35S580 
6O+3E8rS 
60+329S5¢ 
QT+3Stee2 
Q1+38eSE 
QT+3S26S 
Ot+32t8t 
@7%+390S9 
Q%+32618 
6O+3E226 
OT+ZEO6T 
OT+3rSee2 
OT+3resees 
Ol+3vEG6rE‘T 
OT+3Z30E ree"? 
OkxXW/N 


oe oo ep ww eee oe eee ew ee 
SHAN BHAA TUM TOAMUU AML OUUUAHUNEL eet TO 


“GOW X31dWwOd 





eee 


VNsuUMaAnDy 
wet 


wine 
BSY9EO9OHNSS9OOOOS 


OATUMAMAMBDOOS al OO 
UW KODMNOGNWF NOMWNW 
pap edb ababad papa pee mh 


ee ee 


GD YONMWDWOMMOSL KL MVOMWOWCNOOL TMF WHAM MIN HMNNUM € VOU K-hw 
VUMHAMNMAMY -—UNnAMUMMNM 
an 


hand 


MNWMM ONG UMNAMNMMAMAL 
tt 


MIWM TO AMVDONDVWOAIMTCGVMS AUVUS TUUMMOT UMNOUT TOM wWUOTr AINUAT 
W AYU HADME HOKMAVUCHOT-ADS VTOTWOTLKHOWMDM “YOM “WAHANVUNWOMOWY 


= Ss 
Ws WYBE FLISOdW0S 
“EQ lv *9 ‘@ vd xSz2°07 





gtetsgs 
3t8229°% 
S0EC69"° 1 
309”99'% 
3821S3° 
328069" 
g€22e9° 
a762€9° 
38S66S° 
362@809° 
SO8ETS* 
3teve9° 
SEr6ES* 
398098°1 
389198 '°T 
SE6rrS* Tt 
atSer3*t 
323278 °% 
3068T8°T 
3S50218°T 
316228°1 
Sr6rE8'T 
atvSER't 
3992T8°T 
300078 'T 
atyS62'°T 
32ve6e't 
39Sv62°1 
SECRL2*T 
360r92 "1 
geceee*t 
399E8e"t 
3S5e882 °3 
3SLE92°% 
3928S2°t 
38S9r2°T 
38t6E2*T 
32e09ve't 
386812°5 
SET8OL*t 
3SSS502°! 
SOTtEL Tt 
a7 cee tS 
adrrvtc 

3eSyor 3 


wt et wt wera ototet 


SEF HHS HEHEHE ee HEHEHE HH e ees te Fe este see see ett eee ee tee eet 


OE hh Oh NE Et Ed 8 hd 8 tt et tt eh te et et tte t wt etetetetet 
Cee telah et ptpelele bala eek lal el ele alah albehalehehahalhalbalbahbalhalalahahahealeabahalhsbeadabmhsbm bmi 


“dow wag 


2-S5-1te@ 


uMoUnMon 
wtet 


wtet 


Ce ee) 


UM FT NWOM TMMUUMTNMWUOMH T MUU T NOVUN TMUUMNTOWUMNTMUUMTNWWLNM 
tw 


ee eS SS 


a 
tA 


NM ANH OOS AUMMATCOMNUAMUNM T TOMO HAMM S€ UMINtw 
-“ 


ne 


BINWOMHVDWOMNAMOMONMNAWH TNWOUEMONWHNOHLOTOTMWOWUNT TU AMNWOLS 


re ee 


BON KOADAAC SD HADMAAVAMAND DOMNATEDHALWOADT AA TOL TEE AMIM 
AY TOVDUMNADMAWHYO € HUME HOVOAWDWTMEDOOVOOWDUDMN ~WVAANDUNYWAMOC- 





3°St8 E9se' Ot+39Brcs't Be 
9°S18 1S2y° OI+ZSESCE‘S ep 
9°St8 Evrs’ Ot+3589"8E'S Sy 
E°Ers 8622" OT+3B2BLE'°T Spy 
cers 968S° OI+SO6ESE’T vr 
e°ers rt OI+36E63E°s Ep 
E° Eve 6222° @34+3S5S299°% er 
cers Etre: Ol+36ErS2e"t Te 
t°t28 eeet’ OT+3EycEE’T OF 
°%28 vEec: @t+3999S2°T 6E 
¥°328 Orre: Qles2vect*t SE 
T° 328 @@6E° Qt+dB8EGBT°s 2S 
¥*328 6969° Ot+3Speet*s SE 
t‘teg 0220° OI+39TETT'S SE 
¥° tes ¥800° QT+3t2880°9 vE 
¥'te9 Eve: QT+38802.'S EE 
T° 329 £910" @3+39E99S°9 ee 
t*te9 261° Ot+3880e.'9 TE 
6°8¥9 SOve° @6+30L85E°9 OE 
6°8¢9 LvEQ° Q1+3S@r6e'9 62 
6°899 2Svo° @t+35008S'S 82 
6°8+9 2rte° O%+3SBt28'°S 22 
6°8%9 eeto' @t+392ZE68°S 92 
4°929 8810" @3+379259°S Se 
2'°929 @620° Ol+3vEEL9*S ve 
2'329 EBre" OT+3EO69S°S Ee 
2°929 2t¥Q° Qt+3T6"30°9 ee 
2°929 ¥890° @%+369560°9 t2 
¥° 170d B6eT* @T+369E08°S 2 
vy" wOL Sott: QI+ZEvBIS’S 61 
¥*~Oe 1680" @l+3980er'S Bt 
¥'¥Od 979° OI+36T6TE'S Zt 
y'¥O2 ¥9ro° O@Tt+3r¥ELE'S St 
2‘ebe T¥6O° OI+3ZEThEG'y ST 
2° eke 8ETT: Ol+36cd26"b +t 
e' eed e2est: Ol+ary9ec* by ET 
2°cbe vEte: Qt+3rTO62.°» ct 
2*eed arte: Q@t+30c2c9S"y Tt 
2'092 Srrs: @t+384E98°2 OF 
@' O92 eoty: Qi+3eSpr6"£ 6 

@° O92 S€22° Q@t+39"6Se'r 8 

6° O94 2BEe° Ot+3BSc6T*h & 

Q° O92 Evel: Ot+30T2ZES*y 

B°2B2 Q9ce~ @t+3S96EL‘°E S 

B°2Bd Qrer- O+ABTGIT'E 

8° 282 6eSr° Ot+3L6EEL*2 EC 

8° 282 9SS5° Ot+36L8eh'2 2 

8° 28d 8289" Ot+ ‘ys F 


eT) 
Mw 
9S 
tg 
X@ 
zw 


2 °930 8 d0LIb4 
“dW3L $so1 snindow “OK 


*O GUN K5L°2T “20 IS KS* wd tONILYOO! YH3BHLO 


30IS 3NO G3L909 WH3E TedN! Wie 
Nt YaENLOVJNNUW 
SIONNOS vLYd 
Et-SBrs WIaLeW 
Br + 3009 IWLN3WIesdXS 


nateeaeeeaedn tt ademe intitle onsoeeineiibeeeitahae tadtaiiaeimelniibiaehiaass Mal inainaier atin Libel tine Lon inp” anaamnionmnmiemanenn eh ag nen dilate 
ROE ECNIED a NO ii EIS 





28) 


















































































































i ZH Ms AONSNOSes aZ9Na3zy 


,.ot 


/| 































































































































































































: 2 ! 
" eee 7 le y= | 
2 a | ae x A / 7 i waa ia ul ’ | 
‘ i F N 3 7 
| 4 s _ x vAW Al ; | ye ; 5 
Bk BROT RET VY ek og | 
i Ne V 7 ae, Ht] 11 OF eee 0 i 
a : : 7 / / 7: / Pe b Y Z ‘ | 
a : I bd ah WW 8k ox 
: { iy, / / et a0 
VV 
| / /) 5 
f vs 
HI uf WA EO My VAI. | 
iG Ld 2d =) 206 2 et t 
: 9 °°93d L 3aNnleasdWwal ; 

















x ye SIT ae pa a 


eee ee ere oes mentee 


it cite a Hal an A 







































































































































































ns ode mar teenie MeN mt eR attRANNLNNNHN + +N ‘athpnnMnegeetanetenttuinannantenaNnd 






ZH Yd AONSNOSYS GaoNGgsa 
et 2 ot 2 ot 





» 


























: al) 9 17 re Ij 
/ 
7 
EK / 






































2 
x 2 * 
VTA x b 
t (p01 OF x 6 OT W 
Z 7 s 
4 A / N 
N 
i 7| S$ 
v4 sj on 
+? } nN! 1 
y | orth ont 
Nz et 111 OF a[1°* 5 co 
ji / 0: W 
iW 
ae is 7 2 
a 77 3 Ss 
4 a ie) 
[| /| fe ; : 
¢ OF / ichaa 1 OF 
n 
0 
A 
rang | f | ; /) , 
sy y 
oH Hit! | HI y /) /}\ 
Pe eT bs 2g = 5 % er Ot 2 





9 °930 L 3anlLvaadW3al 














ee ee aera ere 















— 


1 gulp teenies batnliaonervnsinnteacinntetttsatenst 


cioeme enone Retell ent Renan ReR tt 


_ ca Ps iunenaaineetannsatinnebn bis Albee! utensil hit mina tes it eneeauchean cn me teh » 


Sener © aN 





| 



















































































































































































































































































Beam No. 01-55-3 
Date 3/79 
Damping Material 74.5% Si0g + 12.75% Na.0 + 10.75% CaO + 6% 
A1l>03 + 2% Co903) 
Material Thickness 0.0160 cm Material Density 2.63 g/ec 
Fixture No. 1 Beam Thickness 0.0963 om 
Beam Density 9.13 g/cc Beam Length 20.879 cm 
Temperature Test Range: Between 870 °C and 620 ba © 
Frequency Test Range: Between 75 Hz and 1,450 H2 
Loss Factor Ry? 
Peax 100 Hz Np 0.66 Temperature 745 °c 
1,000 Hz Ty 0.6¢ Temperature 815 °C 
Range 100 Hz 745 oC. on gS °c 
1.000 Hz 796 ec 865 &¢C 
Complex Modulus Ey"? 
Peak 100 Hz $.7 10 PAS Temperature 745 °¢ 
1,000 Hz 9.7 10 PAS Temperature 800 A 6 
Range 100 Kz 705 °C 805 eC 
1,900 Hz 74¢ 2¢ 870 °C 


NOMOGRAPH CURVE FIT EQUATION: 
MATERIAL 3385-13 SECOND TEST 
LOG (MN) @LOGCIL 3+ (2LOGCMROAVAL )-( i 
Se FRon noe / FER BORER RE) 


538.0 1.01:4£-03 a.ssssesio | f° c 
¢ LOG (FRO _ : i. 
As(LOGCFR)-LOG(FROL) “6 1-088 3.3140E+10 


LOGCETA ) *LOGLETAFROZ D+ (SL+SH A+ - - To 
Te TARO: 4 < ay R+ OSL. epee? SORT eo eve 
4 BS B Bs BS 
530.¢ +500 =. 602 — =. See 3. - 
LOGFR}+LOG(F 3-12(7-70)7(S2571 B4T oon “ nay 


REMARKS: 9J-85-13 test 2. Retest of 01-55-2 after 100 hours at 





815°C. 
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TABLE 39-B 


Beam No. 01-55-3 


E 
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TABLE 39-B (Concluded) 


Beam No. 01-55-3 





















fo fn fF f, aft Ts Ne i1dB 

a aN PRIN Se SERSSTCEDT eeoaIT 
or eee Te eT ee 
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Beam No. 01-55-4 
Date 


Damping Material 74.5% SiO02 + 12.75% Na2O + 10.75% CaO + 2% Co903 





Material Thickness 0.0160 cm Material Density 2,63 g/cc 


Fixture No. 1 Beam Thickness 0.0963 cm 
Beam Density 9.13 g/cc Beam Length 20.879 _cm 
Temperature Test Range: Between 870 °C and 595 °¢ 
Frequency Test Range: Betwesn 95 Hz and 1,450 Hz 
Loss Factor Np? 
Peak 100 Hz Np 0.51 Temperature 760 2c 
1,004 Hz Np 0.51 Temperature 825 °C 
Range 100 Hz 725 2c 795 a 
1,000 Hz 795 °C 855 °C 
Complex Modulus Ey": 
Peak 100 Hz 1.4 1019 pas Temperature 720. 8¢ 
1,000 Hz 1.4x 10!° pas Temperature 795 °C | 
Range 100 Hz de 55 °C 530 °C | 
1,000 Hz 480 2¢ 560 °¢ 
NOMOGRAPH CURVE FIT EQUATION: 
MATERIAL ‘J-85-13 AFTER 30@ HRS HEAT SOAK 
LOG (M )®LOG (ML 4 COLOGCMROM/ML D7 C14 CF ROM/FR RN) 
Te ew bre we AG 
550.0 1,3000E- 03 2. 9OCCE+i0 -850 1.3000E+10 
Ae LOG(FR)-LOG(FROL) 
LOG TE TADS LOGI ETAFROL 3+¢ Seer oan SGRT(14ARBE SIC 72 
TO ETAFROL = SL FROL c 
Be 33 B4 BS 
55 1600 8.000E-24 758 
LocreR }+LoG: Bs Sect- ~1057 (52571 -BeT “109 


REMARKS: J-85-13 test 3. Retest of 01-55-2 after 300 hours at 


ee Ne 


815°C. 


re Pc SS 
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TABLE 40-B 


c n fy 


[Mode [| CT 
Z| CSCO 
F255. 00" 


| 265.14 | 262.75 | 262.58 | 267.30 | 4.42 


3299.00 1310.40 [| 43.31 03324 | .osaee | 
[—s25, si] —s20-10_| 329-82 55.36 | -sam09 [02789 
[870.51 | 


P95.a2 | _94.5e | 94.30 | 98.08 | v.45 | -ni735_[ -oizes |_| 
[Tyne 40_[ 520.10 | 520.30 | 537-37 | Waa | samp | oa0se | 
[os |fcaen. 90 [—a67.s0 | 266.05 | 00a 90 [zens [onan | oni | —id 
736.29 | s5-e | _o8.ie | 97.38 | 2.23 [nani | .onss7_ 


275.38 22.64 | 27.12 | 10.77 | 32 [om | x 
2 |[_97.55 | 96.26 | o6.ae [09.20 | 3.7 [.anee | .o2v0r 


277.44 275.14 | 280.67 10.97 93917 | .03767, | x 


140G 


1400 


Paso] 
Pasa = 
areal a 


55 


[| 551.07 | 526.50 | | 557-64 | 25.50 | .o46e7 [04559 | xX 
[ora [#7630 [oar] 935.78 _[ ai as_[oaeae [ose] 
pe 96.95 

285.73 200.64 | 287.82 | 14.11 | .0493R | .oag1e | x | 
4 {T s56g.20 | 530.26 | 555.08 .os0a7 [| 


L fp af a 


8 Ne 


1411.50 


573.59 | 536.60 
ror-Go_| 105.78. : 
293.16 | 296.75 7.96 92387 


; é 10.96 90693 
[27.25 a9e.36 [300.66 [52 [nasi [ orn 
[sra.20 | sne.29 | 580.0 | 6.39 | .oanst [mio 
OO 
1450.97 | 1464 +P 12.31 
.90926 
' 303.79 2.146 00645 
1250.20 | 1460.53 ; 1456.97 r78 
190.4 109.90 | 109.60 9.59 Ea? TnoeRe 
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PPL. 25 304.96 | 304.9) Tie +9499 +6934 


SS1L.5¢ . men rep E .agar: 


















































































































































































































































































































































TABLE 40<B (Concluded) 


Beam No. +37 74 


°F f fy £ f£ of 
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991.41 | 915.80 | 990.47 | 993.90 
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Beam No. 01-57-1 
Date 2/7/79 


Damping Material 74.53 Si0, + 10. 753 CaO + 6. 375% Na.,O + 6. 375% 


a 


KHCO3 + 2% Co90 


Material Thickness 0.0224 cm Material Density 2.24 g/fce 
Fixture No. 2 Beam Thickness 0.0960 cm 
Beam Density ee: g/cc Beam Length 21.608 cm 
Temperature Test Range: Between 925 °C and 620 a 
Frequency Test Range: Between 82 Hz and 1,40G Hz 
Loss Factor Np? 
Peak 100 Hz Np 0.38 Temperature 760 °c 

1,000 Hz Np 0.38 Temperature 790 “¢ 
Range 100 Hz 685 2c 820 °C 

1,000 Hz 750 ~C 900 ~—°C 
Complex Modulus Ep"? 
Peak 100 Hz 6.9x 109 PAS Temperature 750 °C 

1,000 Hz 6.9x 109 PAS Temperature 790 °C 
Range 100 Hz 670 1G 765 "Cc 

1,000 Hz 701 ns 815 °C 


NOMOGRAPH CURVE FIT EQUATION: 


REMARKS : 


01-57-3. 


MATERIAL :J8S-14 INITIAL T 
CoO EG eau ecgnenreseny 


Re 
ronice;. -008ee-04 je -0000E+09 3450 1. 7080 +09 

Ae (LOG - 

Cog cetay-LOGcerAFROL Jo« ‘SL#SH Ae SL-SHIC1- -SGRT(1+ASK2)) C72 
Te ETAFROL Stl SH FROL c 


Be B3 B4 Bs 
$83.0e 2318 - 300 -550 2.1000E-92 1.900 
LOG{FR D°LOGCF )- =12T-78)7(S2571. 8+T-T0) 


J-85-14 test 1, Beam retested twice: 01-57-2 and 
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Date 2/79 
Damping Material 
KHCO3 + 2% C0203 





Material Thickness 0.0224 cm Material Density 2.24 g/cc 





Fixture No. 2 Beam Thickness 0.0960 cm 
Beam Density 9.13 g/cc Beam Length 21.608 cm 
Temperature Test Range: Between 955 °C and 595 eC 
Frequency Test Range: Between 82 Hz and 1,400 Hz 
Loss Factor Tip: 
Peak 100 Hz Np 0.25 Temperature 695 2¢ 

1,000 Hz Np 0.25 Temperature 750 ak Ge 
Range 100 Hz 675 °C 760 °C 

1,000 Hz 720 °C 855 °C 
Complex Modulus Ep? 
Peak 100 Hz 6.8x 10? PAS Temperature 720 oC 

1,000 Hz 6.8x 109 PAS Temperature 755 c 
Range 100 Hz 670 °C 745 °C 

1,000 Hz ____700 °C 795 °C 


NOMOGRAPH CURVE FIT EQUATION: 
MATERIAL tMATERIAL: J85-14 (AFTER 112 HRS. @ 1500 F) 
LOG(M) *LOGCAL )4(2L0G(MROM/ML ) 7 C1 4+(FROM/FR XEN) 
Te FROA SROM N AL 
Al ae a3 a4 
583.0 10.000@E-04 1.S000E+10 +350 5.300@E+09 
A= (LOGCFR)-LOG(FROL) )/C 
LOGCETA )=LOG(ETAFROL )+( (SL+SH )A#(SL-SH)(1-SQRT(14AKK2)) 072 
T@ = ETAFROL SL SH FROL c 


B4 Bs 
$583.6 .190 -300 =—-.500 2,.4008F-@2 2.000 
LOGCFR )*LOGC(F )-12(T-T@)7(525/2 .8+T-TO) 


REMARKS: J-85-14 test 2. Retest of 01-57-1 after 112 hours at 
815°C. Coating deterirated slightly. n has double peak: first 


Dd 
peak above 925°C; second veak as listed above. 


















































Beam No. 01-57-2 





74.5% SiO» + 10.75% CaO + 6.375% NajO + 6.375% 
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TABLE 42-B 
Beam No. 01-57-2 
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TABLE 42-B (Concluded) 


Beam No. 01-57-2 
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Material Thickness 0.0224 cm Material Density 2.24 


Beam Density 9.13 g/cc Beam Tength 21.608 
Temperature Test Range: Between 925 °C and 620 
Frequency Test Range: Between 82 Hz and 1,400 
Loss Factor Np? 
Peak 100 Hz Np 0.70 Temperature 725 °C 
1,000 Hz Ny 0.20 Temperature 775 °C 
Range 100 Hz 685 °C 770 °C 
1,000 Hz 725 °C 840 °C 
Complex Modulus En”? 
Peak 100 Hz 5.5 10!° pas Temperature 720 °C 
1,000 Hz 5.5x 10!° pas Temperature 755 °C 
Range 100 Hz 675 SC 720 "Cc 
1,000 Hz 715 2¢ 820 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 23-85-14 THIRD TEST 
noace Satta 2d dali Ai 4 ICIS PROn/ER he ) 


ai a3 
$83.08 siSecrhotn) 2. 3000E+ 
Ae LOCteR)-LOSeeR ROLII/7C et 30e0Es10 
togcere PERO IE TAFROL ) I*#C(SLESH Set Emee 1-SORT(14ARZ2)9IC72 


533 ot 3. 2.seeee-e2 2° 
LOCCFR }SLOGCE)— lect-tes7(S2574 Bet Teo =. toe 


Fixture No. 2 Beam Thickness 0.0960 


Beam No. 01-57-3 
Date 4/8/79 
Damping Material 74.5% SiO, + 10.75% CaO + 6.375% Na20 + 6.375% 
KHCO3 + 2% Co203 


g/cc 
cm 
cm 
°C 
Hz 


REMARKS: J-85-14 test 3. Retest of 01-57-1]1 after 308 hours at 


815°C. No further deterioration. 
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Beam No. 91-57-3 
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TABLE 43-3 (Concluded) 


Beam No. 91-6783 


°F £ ft £ f£ 


c n L af m 


1dB 











ES TR EY PORAPEN SRM EN LI 
| 270.e7 | 252.98 | 267.29 | 274.24 | 6.45 | 02301 | 92262 | 
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Beam No. 01-59-21 
Date 3/23/79 





Damping Material Corning 7556 


eure 





te CS i 


Material Thickness 0.0279 cm Material Density 4.68 o/csc 
i 





Hl 
A 


CEE 








4 Fixture No. 2 Beam Thickness 0.0970 om 
a | Beam Density 9.13 g/ec Beam Length 21.689 cm 
ZZ Temperature Test Range: Between 315 °C and 595 °C 
4 Frequency Test Range: Between 89 Hz and 1,350 Hz 
‘ Loss Factor Ny? 
| Peak 100 Hz Np 0.90 Temperature 520 °C 
} 1,000 Hz Ny 0.90 Temperature 570 ae 
Range 100 Hz 500 °C 540 °C 
| 1,000 Hz 625. bo 595 °C 
/ Complex Modulus Ey”? 
| Peak 100 Hz 5.9x109 PAS Temperature 490 °c 
1,000 Hz 5.9x 109 PAS Temperature 540 ec 
Range 100 Hz 450 °c 520 AS 
1,000 Hz 500 a G1 585 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 301-59 7556 
LOG (MD SLOG CML 34 (ALOGCMROMZML D 7014+ CFROMZFR XN ) 
Te FROM SROM N AL 


ai Ae Ag A4 
$25.0 2.2122E+01 4.8000E+89 +$0Q@ 4.3000E+08 
A= (LOG(FRI-LOG(FROL) )7C 
LOG (ETA ) *LOGCETAFROL )+( (SL+SH A+ (SL~-SH )(1--SQRT( 14AKS2)) C72 
Te ETAFROL St SH FROL c 


3 Ba 85 
525.0 . 808 +850 -.570 4.90Q0E+01 1.250 
LOGCFR > *LOG(F 1-120 T-T817(52571.84T-TO8) 


REMARKS : F-107 project. 
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TABLE 44-B 


Beam No. _01-59-1 






























| oF ‘ f Ey f. af ny ne las 
, | Femp. pe ee 
ane | 1100 ie eae ETT ee ee ees 
E | fs 251.30 | 9.97 | .oo387 | | 
; 95.52 89.77 90.17 0.40 -ooaas | 
: 499.53 [7.13 | .o1ea1 | ee 
050 | 1237.64] 1299.00 | 1222.70| 1252.58 | 29.88 | .o244 |_| 





isan 91.40] 96.06 02637 
258.57| 270.15 
jos} 2 || stot 528.10 sie.s9 | 20.62 | 04041 | 
853,52] 854.00 a72.30 | 41.19 | 08826 | 
rooo! 6 || 1275.87| 1307.00 | 1243.21] 1298.40 | 55.19 | .04326 | 
63 | .03929 | 









975} 2 92.40} 96.42 91.09 94.74 
3 260.48| 270.80 254.36| 265.19 | 10.83 704158 





529.60 503.18| 521.56 | 36.12 - 70440 
[| 876.39] 877.00 855.31 | 398.95 04984 
| 975] 6 || 1286.87 1300.09 






.87] 1310.00 | 1253.33 
95.69 o8-18 
EEE 






267.18 : 
$34.08] 531.00 













, aa ee 
899.15] 879.00 885.44 | 914.44 | 29.00 


1344.10] 1313.00 | 1330.02 | 1358.16 | 55.30 _| 
98.07| 96.84 | 96.37] 00.11 | 3.74 | .o3e14 
278.20] 272.30 | 276.12 | 280.28 | 8.18 | 
543.22 


c n 


1 we 0 en met 


97.10 99.10 | 101.39 
273.00 | 280.65 | 285.08 | 4.43 | .01566 | 

|_ss4.o0 | 919.11 | 929.27 | 10.16 | 01099 _| 

1382.60 1320.00 | 1375.51 | 1389.86 | 14.35 [01030 _| 
100.92 
[264.96 “270.30 | 260,37 | 205.42 | 1,05 | 00360 
[sea sa [36.20] “81-70 
|_ 808.00 | 931.73 | 935.39 [3.66 | 00392 _| 
[1327.00] 1392.30 | 1395.70 _| 
38.08 | 101.39 | 
00153 
goo | 4_ Il s6s.21] 


2.28 00162 | 
? 























































































































































































































































































































































































































op f 


ae Mod¢_ 
700 3 289.08 


700 
=<" 


577.89 










961.06 


sso | 5 | 
on 1419.70 
600 


280.25 295.62| 295.87 
581.86, 549.10 |  $81.39| sa2.22 
| 600 | 968.14] 908.00 967.84| 968.73 


1360.00 | 1428.86 





1320.90 


1354.00 














TABLE 44-B (Concluded) 


we of aan eee 


539.20 
901.00 





569.98 
949.08 
1412.52 


99.52 104.50| 104.70 | 0.20 | 
279.15 | 293.42| 293.72 


546.60 $77.27 $78, 33 
960.61 961.40 


1416.40 1423.20 








.00102 
700183 _ 
.00082 
00079 


106.06 
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Beam No. __91-59-2__ 
Date 6/29/79 


Damping Material Pemco 79 R 2634 





Material Thickness 090-0213 cm Material Density 2.50 g/cc 
Fixture No. 2 Beam Thickness 0.0970 cm 
Beam Density 9.13 g/cc Beam Length 21.729 cm 
Temperature Test Range: Between 510 °C and 760 °C 
Frequency Test Range: Between 88 sz and 1,420 Hz 
Loss Factor Ny? 
Peak 100 Hz py 0.15 Temperature 620 2c 

1,000 Hz us 0.15 Temperature 680 °C 
Range 100 Hz 660 2C 590 °c 

1,000 Hz 635 °C 740 °C 
Complex Modulus Ey"? 
Peak 100 Hz 5x 108 PAS Temperature 605 °C 

1,000 Hz 5x 108 PAS Temperature 650 °C 
Range 100 Hz 565 °C 640 °C 

1,000 Hz 610 °C 700 eC 


NOMOGRAPH CURVE FIT EQUATION: 

MATERIAL :01-59-2 
LOG(M 162 OGCAL 24 (2LOGCMROM/ML) 1701 CFROM/FR EN) 

Te FROM ROM N RL 

500.0 1.10006-e1 4.e4sere9 *°70 $8 

. e = . +! . « 
Tastee NL SLtESAA I oy 1160 gona 
*LOGt )+((SL#SHJA*(SL-SH)(1-SORT 
T@ ETAFROL = SL SH FROL ee 


OL 
500.28 1Se re gee : Se 2 see E : 
. . . ~.4 - SO@GE- . 
LOGCFR D*LOGCF 3-120 7-70 97(52571.8*T-TO) a — 
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TABLE 45-B 


Beam No. 01-59-2 


°F f f f £ Af n 


c n 
[bo ee ee — 
88.44 90.90 88.29 88.52 | 0.45 | 00511 00301 


f 1d5B 











ee 1.88 | .00756 
[4 || 4se.87] so0.so | 486.99 | 490.37 | 3.38 | .00692 | .00619 
gos.ee | 813.94 | 8.06 | .00995 | .00913 | 
1211.70] 1240.00 | 1203.67 | 1221.20 | 17.53 | .01447 | .01378 | 
g9.26] 91.60 | 98.96 | a9.sa | 0.58 | .o06s0 | 00887 | 
|_250.76| 257.75 | 249.42 | 225.39 | 2.97 | 01284 | .01043 | 
| 494.17] 504.50 | 490.09 | 497.18 | 7.09 | .01435 | .01376 
|_217.10[ 836.00 | 809.20 | 023.70 | 13.90 | .01701 | .o1631__ | 
[[_ 1228.20] 1248.00 [1214.60 | 1246.95 [32.35 | 
| 90.20] 92.25 | 29.53 | 90.69 | 1.16 | .01286 | 0114s | 
[254.86] 259.50 | | 257.14 | 4.82 [01991 [01771 _—| 
|_$01.12| 507.50 | 494.57 | soe.21 | 13.64 | .02720 [02671 _—| 
| 


833.77] 842.00 847.66 -03275 1.03216 


| 1246.82] 1257.00 | 1227.29 | 1269.96 | 42.67 | .03422 | .03368 _| 
| 91.31| 92.90 _| | 92.27 | 2.¢7 | .02267__ | .02137__| 
| 255.92| 261.75 | 252.74 


“39 | 6.25 | 

[[-s12.28| s13.00 | [03075 | 03027 | 

azo] 5 || 057-37] e4e.o0 | 847.90 | 063.72 | 21-09 | 03626 | .03574 | 

Passel ef aan of er.eo [ase.2e fanz.ee [ons Leee 

[93.07] 93.60 | 91.4 | 94.09 | 3.55 | .o3e1a | 03692 | 
[365.79] 263.50 | 260.71 | 72.03 | 11.32 | .0a259 | .on169 | 

526.00] sis.so | 5i¢.75 | 540.58 | 23.03 | 04523 | .00an3 





°F £ f, f af n n 1dB 








|_s9.a8 {| 97.80] 101.03 | 3.23 | .03250_| 

| 490.51 | 546.17 | 556.34 | 10.17 | ores 
poems} aia | _—aiz.ay |_aze.r3 | asee _/oiza4 + ones] 
| .01665 | 01624 _| 


ec 
[e |f-as01. 07] az7s.s0_| 2262.78 { az31.2 | aa.e7 | .03725 | 03579 |__| 
[3 |[- 272.05] 260.28 | 267.59 | 270.4 | u1.25 | 00123 | .oeoss |__| 
=” [sig.2s | s36.13| 350.97 | 14.04 | 02723 | -o26ea |_| 
re 45.08 | 
2] 
=" 
rs] 


| 

| $4503] 

|_903.05] __@s9. 

| 1364.26] 1285.26 | 1352.80 | 1375.72 | 
|__99.39| 89. 

ee 


Fio1.24] 99-97 | 100.30] 192.35 | 2.05 | 02025 | .c1900 | 
/3 || 205.76] 252-57 | 203.85 | 268.03 | aie | .o1463 | .01392_| 
[se0.98] 494.09 | 550.05 | sez.6 | 7.53 | .01302 | .01304 | 
[930.70] raz.12 | 926.73 | 935.3 | #.80 | 00946 | .09060_| 





[209-33 
557.38] 









Peal Ged ~ 
o1e N 
ojlu iJ 
o1°o °o 


[2.27 | .on78s 
$$7.38[ 510.31 | 565.69 | 569.36 | 3.67 | .00647__ | .00647 
4.95 00527 | .00527— | 
.00469 


0.62 | 00898 
1.24 -90325 0 | .90425 


|[_939.50f__853.52_[ 936.95 | 941.90 | 
1406.00] 1275.87 | 1403.10 | 1409.70 
103.64| 95.62 193.16 | 103.98 


291.54] 267.18 
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SUDRI BARE BEAM COATED ONE SIDE 
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Beam No. G1-60~-1 





Date 3/29/79 
Damping Material Owens Illinois SG-67-A 
Material Thickness 0.0282 cm Material Density 5.38 g/ce 
Fixture No. 2 Beam Thickness 0.0970 cm 
Beam Density 9.33 g/cc Beam Length 21.73 cm 
Temperature Test Range: Between 510 °C and 400 °c 


Frequency Test Range: Between 90 —s#z and 1,400 Hz 
Loss Factor n,: 





Peak 106 as Np 0.51 Tenperature 460 °c 
1,000 Hz on, __0-51 Temperature 485 °C 
Range 100 Hz 445 °c 470 °c 
= 1,000 Hz 470 odes 500 °C 
4 Complex Modulus En”? 
Peak 100 Hz 6.9< 109 PAS Temperature 425 °c 
1,000 Hz 6.9x 10° PAS Temperature 470 °C 


Range 100 Hz 405 ig 445 as © 
1,000 Hz 450 °C 495 °c 





NOMOGRAPE CURVE FIT EQUATION: 
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MATERIAL :BEAM NO. 91-63 
LOGC Ade: EOGtRL re cetosceRONcAM 1/¢1*: peal Ha 
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45¢@.2 6. pan jae 2geee-1e 778 3.300065e9 
A® CLOGIFRI-LOGLFRO 
LOGCET SR} SLGGLETAFROL Jo% (SLoSHDM®(SL-SH2t1-SORTCLoAREE II 16/2 
Te EYAFROL SL gg ¢ 


Bi bore 83 35 
456.2 -5ee -619 5. eeeat-e1 -4ee 
LOGIFR: SLoc.F ei2t7 ~i81s: S257 1.8+T-Ta; 
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REMARKS : 





* 


at 540°C. Coating deteriorated badly. The coatina was gone 





around the edges for about 0.32 cm and flaked off in center of 





beam. 
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TABLE 46-B 


Beam No. 01-60-1 
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F f. ft fh fr af Ng n 1dB 
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Beam No. 01-62-1 
Date 3/27/79 
Damping Material Corning 7570 + 4% NagO0 + 4% KHCO3 
Material Thickness 0.0163 cm Material Density 5.19 g/cc 
Fixture No, 2 Beam Thickness 0.0975 cm 
Beam Density 9.13 g/cc Beam Length 21.749 cm 
: Temperature Test Range: Between 455 °C and 315 °C 
: | Frequency Test Range: Between | 90 Hz and 1,365 Hz 
] | Loss Factor np: 
= Peak 100 Hz Np 0.24 Temperature 370 ba 
4 i 1,000 Hz Ny 0.24 Temperature 400 2¢ 
: Range 100 Hz 355 400 se 
q 1,000 Hz 380, °c 4358 
4 Complex Modulus En"? 
_ Peak 100 Hz 6.2x 10° pas Temperature 355 °C 
-_ 1,000 Hz 6.2 109 pas Temperature 380 °C 
Range 100 Hz 325 eC 375) 
1,000 Hz 370 °c 425 °C 
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MATERIAL :01-G62-2+ (CORNING 755@ + 4% Nae 8 + 4% KHCOS 
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Beam No. _O1-70-1___ 
Date 7/11/79 


Damping Material O. Hommel 1262 





Material Thickness 0.041 cm Material Density 2.86 g/cc 






Fixture No. 2 Beam Thickness 0.1255 cm 
Beam Density 9.13 g/cc Beam Length ___ 21.659 cm 
Temperature Test Range: Between 840 °C and 590 °c 
Frequency Test Range: Between 135 Hz and 3,500 Hz 
Loss Factor Np? 
Peak 100 Hz Np 0.28 Temperature 640 °C 
1,000 Hz Ny 0.28 Temperature 680 °C 
Range 100 Hz 615 °C 665 °C 
1,000 Hz 665 °C 720 °C 
Complex Modulus En”? 
Peak 100 Hz 4.1 109 PAS Temperature 630 °C 
1,000 Hz 4.1x 109 PAS Temperature 700 °C 
Range 100 Hz 600 °c 660 °C 
. 1,000 Hz 630 °C 700 °¢ 


NOMOGRAPH CURVE FIT EQUATION: 


3@1-76-1 O° 262 
MOSER T LOCEAL Dec eLOgt MORAL} bYA$ aCXEROIVER »88N) 
Bt) FROR “ a 


al a3 
660.0 renee salt i. se0ceie 57 8 .9000e+e9 
bd )-LOG( 
toscetanevobeetarnaLse« 34 (SLOSH At (SL-SH )(1-SORT (14882) 79072 
To AFROL SL SH re c 


Ne en ee Den ene ee ee od 


mes mee eee 


8 8s 
600.0 296 480 3. Seeeesee 1.006 
LOG(FR eLOGCF seaect-te i7(S2571« 8+T-TO) 


ew 


connate 


REMARKS: _J-85. Coating smooth and glossy with no visible signs 


of deterioration. 
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TABLE 48-B (Continued) 
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APPENDIX C 


BARE BEAM EXPERIMENTAL DATA 


The bare beam (uncoated specimen) modal resonances and modal 
damping were determined by the methods described in Section 3.1 of 
this report, and is presented in this Appendix. 


The modal damping and resonant frequencies versus temperature 
or each beam were determined before the beam was coated by meas- 
cring the half-power bandwidth of the resonance. The calculated 
properties for the coating depend on accurate measurements of the 
resonant frequencies and damping of the uncoated and coated beams. 


Usually the damping of the uncoated metal beams is insignificant, 





] but experiments have shown that for the type of metal alloy (Haynes 


- 


188) used in this study, the damping of the metal beams starts to 
become significant at temperatures above 650°C (1,200°F). The 
average damping versus temperature for modes 2, 3, 4, 5, and 6 for 
several Haynes 188 specimens is illustrated in Figure 1-C. As 
shown, the damping starts to peak at 950°C (1,750°F). This is 
especially noticeable for the second mode. Other authors have 
attributed this behavior to fixture damping [4]. These results 
indicate the metal behaves as a viscoelastic material and the 
modal damping is related to the creep behavior of the material. 


To account for the damping of the metal at temperatures above 
650°C (1,200°F), the loss factor of the bare metal was subtracted 


eee ENN ete Awan me ott enter elIRNNe mere ee a 


eee 


mere - 


from the measured loss factor of the coated beam for each mode. 


< 


mays 


Sridharan [5] has shown, for thin coatings, the damping due to 


the coating is n - n,, where Tig is the measured specimen 


= N 
Cc Ss B 
damping and Np is the damping measured for the uncoated beam. 


eSatieatineren, 





The modal resonant frequencies for modes 2 through 6 were 
plotted versus temperature for temperatures between 1,800°F and 
600°F (980°C and 325°C). This data was hand-fitted and the modal 
frequencies were interpolated from this curve at the desired 
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temperatures. Figure 2-C is an illustration of mode 2 resonant 





frequencies of a typical bare beam specimen. 
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Figure 1-C. Average Damping Versus Temperature for Haynes 
188 Specime s, With Damping Peak at 950°C. 
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Tables 1-C through 31-C present the results of these bare 
beam tests. Each beam is assigned a five-digit number in the 
following format: 

f1-XX-9 
where: 

Gl is the material code for Haynes Alloy Number 188; 

XX is the chronological number assigned to each specimen; 

@ is the test code for a bare beam test. 
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APPENDIX D 


THERMAL AGING 


The porcelain enamels listed in this Appendix were thermally 
aged as described in Section IV of this report. Table 1-D is an 
index of these materials, listing the times and temperatures to 
which the specimens were exposed. The tables referenced in Table 1-D 
are derived by using the nomograph curve fit equations. A fre- 
quency of 100 Hz is used over a temperature range which describes 
peak damping. The figures associated with these tables are plots 
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The effects of thermal aging vary widely for different glasses, 
as illustrated in Figure 1-D. 
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INDEX OF MATERIALS THERMALLY AGED 





Beam Temperature Time 
Material Number °C Hours 
Po ee ee ee ee eT 
01-37-1 * * 
b. Homey 2007 01-39-1 600 120 
Corning 0010 + 7.5% Al,0, + 01-48-1 > * 
a Co0, 01-48-2 760 166.5 
01-49-~1 * * 


10, + 12.75% Na,O + 10.75% 


i 
| korning 7570 + 2% Na,O0 + 2% 01-48-4 * * 
| KHCO 01-48-5 480 121 | 











2 2 
: ao“+ 2% Co,0, 
si SiO, + 12.75% Na,O + 10.75% | 01-44~2 * 
: cao*+ 3% Al.0,+ “2% Co.0 01-44-3 | 750 
i 23 2-3 
iO, + 12.75% Na,O0 + 10.75% 01-55~2 * * 
aO“+ 6% Al,O + “2% Co,0, | 01-55-3 815 100 
01-55-4 815 300 
i0> + 10.75% CaO + 6.375% 01-57-1 * * 
KHCO, + 6.375% Na,O + 2% Co,0, 01-57-2 815 112 
: 01-57-3 815 308 | 
= fBorosilicate + 5% Na,0 + 2% 01-43-1 | * = 
; | Co,0, 01-44-1 515 120 
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TABLE 


$10, + 12.75% NayO + 10.75% Ca0 + 3% Ai0z + 22 Con0z 


MATERIAL 


AFTER 98 HOURS AT 750°C 


AS FIRED 
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TABLE 7-D 


MATERIAL: $10 + 12,75% Nag + 10.75% CaO + 6% AtOz + 2% Coos 


AFTER 100 HOURS AT 815°C 
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$10) + 12.75% NagO + 10,75% CaO + 6% ALyOz + 22 Cony ( 


MATERIAL: 


AFTER 300 HOURS AT ean 
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APPENDIX E 


MULTILAYER DAMPING SYSTEMS 


The results of the multilayer porcelain enamel damping sys-~ 
tems are listed in this Appendix as described in Section V of 
this report. Table 1-E is a listing of these systems by beam 
number. The following sections display this data in the same 
format as Appendix A. The data does not represent material proper- 
ties; it is valid only for the geometric combinations of coatings 


and substrates that are listed. 
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TABLE 1-E 


INDEX OF MULTILAYER BEAM TESTS 


Beam Number Layer 
fe ee ee 
01-50-1 1 
2 
oa 
01-51-1 1 
2 
3 
01-51-2 a 
y 
01-51-3 ra 
2 





01-58-2 


01-58-3 


1 | UDRI 





Corning 0010 + 10% Al.0, + 1%,Co,0 


Material 


Corning 0010 + 10% Al.O, + 1% Co.0 


2°3 2°3 
Nickle Aluminide 


Magnesium Zirconate 


Corning 0010 
Nickle Aluminide 
Magnesium Zirconate 


O. Hommel R-1202 
O. Hommel R~1250 


O. Hommel R-1202 
O. Hommel R-1250 


273 


Si0, + 10.75% CaO + 12.75% Nao 


2 
+ 3% AlL,O, + 23% ca,0 


2°3 3 


Si0, + 10.75% CaO + 6.375% KHCO 
6.375% Na,0 + 2% Co,0 


2.3 
O. Hommel R-1251 


3 


Sid, + 10.75% CaO + 6.375% KHCO 


6.375% Na,0 + 2% Co50 


O. Hommel R-1251 


3 
3 





Si0, + 10.75% CaO + 6.375% KHCO 


6.375% Na,O + 2% Co50, 


©. Hommel R-1251 


3 


Sid, + 10.75% CaO + 6.375% KHCO 


6.375% Na,0 + 2% Co,0, 


NiCr 


3 






























































TABLE 1~E (Concluded) 


INDEX OF MULTILAYER BEAM TESTS 


Beam Number Layer Material 





UDRI 74.5% Si0., + 10.75% CaO + 6.375% KHCO 


tetraammine nal aati pane NN OeRENN? 


2 3 
+ 6.375% Na,0 + 2% C040, 
Nicr 
{ UDRI 74.5% $i0, + 10.75% CaO + 6.375% KHCO, 
+ 6.375% Na.0 + 2% C0503 
O. Hommel R-1252 


| UDRI 74.5% SiO, + 10.75% CaO + 6.375% KHCO, 


+ 6.375% Na50 + 2% Co,0, 
O. Hommel R-1252 


UDRI 74.5% Sid, + 10.75% CaO + 6.375% KECO, 


+ 6.375% Na50 + 2% Co,0, 


O. Hommel R-1252 


UDRI 74.5% Sid, + 10.75% CaO + 6.375% KHCO, 


+ 6.375% Na.O + 2% Co.0 


2 
O. Hommel R-1252 


23 


R-1202 
R-1250 


R-1202 
R-1250 
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Beam No. 01-50-1 
Date 12/27/78 
Damping Material Three layers: first, Corning 0010 + 10% Al,03 + 


1% C0503: second Nicle Aluminide; third Magnesium Zirconate 


Material Thickness 0.0378 cm Material Density 4.24 g/cc 


Fixture No. 2 Beam Thickness 0.0955 cm 
Beam Density 9.13 g/cc Beam Length 21.107 cm 
Temperature Test Range: Between 870 °c and 595 °c 
Frequency Test Range: Between 100 Hz and 1,600 Hz 
Loss Factor Ny? 
Peak 100 dz Np 0.66 Temperature 860 °C 

1,000 Hz ny, _ 0.66 Temperature 790 "Cc 
Range 100 Hz 715 °C 850 °C 

1,000 Hz 775 °C 920 °C 


Complex Modulus Ey"? 
Peak 100 Hz 2.8x 109 PAS Temperature 770 °C 


1,000 Hz 2.8x 10? pas Temperature 830 i & 
Range 100 Hz 695 °C. 855 °C 
1,000 Hz 740 °c 258 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 1385-7 THREE LAYER DAMPING TREATMENT 
LOGCH) @LOGCAL )+(2LOGCAROM/ML ) 7024 CFROMZFR ZEN) 
Te FROA mRon N AL 


ai a2 AZ a4 
550.0 4.508CE-04 3.6600E+10 -400 2. 709CE410 
As CLOGCER 3-LOGCFROL) 7C 
LOGCETA }*LOG(E TAFROL + ( (SL4SH JA4(SL-SH) (1-SORT( 2 4ABK2)) C72 
Te ETAFROL SL SH FROL c 


B3 B4 BS 
5Se.0 057 -776 <-.35@ 1.@241E-04 1.469 
LOGCFR )*LOGCF )-12(T-Te 17152571 .8*T-T@) 


REMARKS: After test, coating was discolored to a darker shade of 


white. Thermal soaked for 69 hours at 760°C. Removed to room tem- 


perature after fifteen minutes; the coating flaked off the beam. 


This continued for approximately three hours until the entire 


coating came off the beam. 
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TABLE 2-E 






Beam No. 01-50-) 


°F f fn f£ f£ sf n 





aaa ia 
| 2.20 | .02352_|_.01432 
| 6.80 | .02358 | .01908 


ere Sones 
|__101.78| 102.90 | 
26.98 286.64 }_ 29020 | 

568.56 


102.30 


104.19 
292.20 
577.96 
961.84 
Sor So 


938.68 943.08 18.47 -01958 201717 


74 


1550 


867.2 957.05 | 967.25 | 20.c0 | 
1288.2 | 1432.95| 1446.67 | 26.76 
95.01 | 105.34] 106.39 | 2.06 | .o194a_| 01508 _| 


«01722 


TT 
ad at a 
al 


este a6 | 524.6 02184 

974.231 867.4 Pan) ee |e 01980 | .01859 
Fhe Re ee Pee ree ee el 
Piss.sz | ssses [1os.o2{ sors {2.00 | |_.01871 | 02612 
Paso [ gens | aon.on | aoaee | scas | course [nee | 
222.68 527.25 | saraz| sass | io.oe | corsss | orras_| 
| 988.80] 974.18 | 984.13 993.04 | 17.50 | .01771 [| .01629 | 
| 1487.64 | 1308.6 | 1478.48 | 1496.8 | 36.00 | .02420 | .02337_| 
eae 
aaa 

















°F f £ f. R af A 


aaa are aS 
Bear 603.72] 9.68 eyes oeme 
|_999.34] 880.5 992.47] 1006.51 | 14.04 | .or40s | .o1333 | __ 

1489.85] 1317.5 L893 1507.15 01800 | .01730 | 
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ee ee ea ceemenenmenseemmeniemntanal 
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rr 
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i004. 34 

Pissed or.3e [asec | suse] 
[no.rol 7.2] satel ans) 
[aue.sef“are.oa | yorstol 2.3) ease 

608.47] 614.45 | .00932, | 
| 1018.43] 892.73 | 1015.u | 1020.42 [0104s | .oos87 | 
Paster fies Treen asm 14.78 seer f coosne fd 
112,20 98.8 | 111-97] 112.83 | 
p—2225f 276.1 00635 
618.98 .00620 
1026.58] 900.0 | 1023.80] .003e | 00492 | 
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TABLE 2-E (Concluded) 


Beam No. _1-50-1__ 


oF f, fn af n n 


s 1dB 


c 
ie: 2. lioce 3 


aes ee ee ee ee 
1200 | 2 ‘T 112.87] 99.48 [ 112.49 | 113.36 [ 0.87 | .00771 | 00643 [| 
j12z00 [ 3 |] 315.55] 277.80 | 314.73 [ 336.34 [1.62 | .oosio0 | .oosze [| 
1200 | 4 if _ 621.01] 547.10 | 619.60 | 622.52 | 2.92 | .ooa70 | 00831 | | 
11200 | § 1 1033.93| 906.20 |1031.87 |1035.79 3.92 | .00373 | .00319 
j1200 | 6 i] 1545.96] 1355.20 |[1Se4.44 [1547.75 6.50 | .00421 |.00383 | x | 
juiso | 2 if 123.69] 100.07 | 113.42 [114.03 [0.61 | 00537 [oor |_| 
jarso [3 T317.63[ 277.93 | 317.11 [318.38 | 1.27 | oos00 | 00322 { 
rat 
5 


fniso | T 625.70! 550.54 | 624.49 | 626.70 .00353 | .00320 

1150 {}1041.70 | 912.00 |1040.36 [1043.12 | 2.76 | .00265 | .00212 
J 
1 


ie) 2 {i 114.81] 100.72 | 114.62 | 115.08 | 0.46 |.00401 |.00297 | | 
Faroo ! 3 <| 320.59] 261.40 | 320.13 | 321.01 .00274 
4 

5 


1100 


630.88 $54.24 630.08 631.62 1.54 ' 00244 -00192 
121100 


: 11 1050.15 | 917.90 |1049.06 [1051.14 | 2.08 | .06189 | .00137 
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THREE LAYER DAMPING TREATMENT 
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Beau No. 01-51-1 
Date 1/19/79 


Damping Material Three layers: first Corning 0010; second Nickle 


Aluminide; third Magnesium Zirconate 


Material Thickness 0.0292 cm Material Density 4.57 g/cc 








Fixture No. 2 Beam Thickness 0.0950 cm 
Beam Density 9.13 g/cc Beam Length 20.95 cm 
Temperature Test Range: Between 510 °C and 815. °c 
Frequency Test Range: Between 100 Hz and 1,550 Hz 
Loss Factor np: 
Peak 100 Hz Np 0.10 Temperature 610 °C | 
i 1,000 Hz ny 0.10 Temperature 680 °C 
: Range 100 Hz 575 °¢ 715 °C 
; 1,000 Hz 625. °C 780 °C | 
i Complex Modulus Ep"? | 
Peak 100 Hz 3.6109 PAS ‘Temperature 615 °C | 
ws es ee Lens 
1,000 Hz 3.6x 109 PAS Temperature 680 "6 | 
Range 100 Hz 600 £C * °C 
1,000 Hz 630 Sc * we: 
ti NOMOGRAPH CURVE FIT EQUATION: 
‘| MATERIAL :J85-8 
i LOG (CM) ©LOGCML 4 (2LOG(MROM/ML C16 (FROMZER DERN ) | 
Te FROM MROM N mu | 
al a2 A3 a4 i 
550.0 1.4020£+¢0 4.3123£+10 1747 3. 7941E 410 i 
@*<LOG(FRI-LOG(FROL) )/C 
LOGCETA ) «LOG CETAFROL }+((SL*SH As (SL~SH3(1-SQRT(14AEK2)) C72 
| TO ETAFROL SL sk FROL C. 
{ 550.0 995 -40@ __-.250 10.e@@0E-e2 1.000 
LOGCFR *LOG(F )=42( 7-79 )7(52571.84T-TO) 


REMARKS: Project J-85-8. Coating began to come off during test 
at approximately 760°C. Terminated test at 815°C. 


LE ELUNE NOReNNNRORRrmATneNRNmRNReR Re Ls RRA 


* AD has double peak; lower peak listed above upper peak above 


rose, 





i range of test. 
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TABLE 3-E 


Beam No. 01-51-1 


aB 
oF fo f, tf, fp af Ne Ne 2 


Per). ere 


| 1500 [2H t0s.o07 sss} ez | josa¢ {aa ora} 

| 1500 267.76 [-2szea | gosto | 2a _| oats tas 

1500 | 4 I] se1.41] 525.90 
{1500 | 5 jl 954.96| 872.00 | 942.26 | 971.7 | 29.43 | .03082 | .02962_| 
Faso | 2! 102.75| 96.41 | 102.23 | 103.49 | 2.48 | .o2a10 | 02141 _| 
1450 | 3 ! 289.601 269.99 291.88 | 5.61 
11450 | 4 || 570.80] 530.31 | 566.97 11.52 


fiaso | 5 ‘| 941.76| 878.60 | @33.46 | 952.12 | 18.66 | .o1981 | .o1s93 | | 
“ya50 | 6 ,[ 1411.46] 1325.00 [ ——sfa470.61 | 17.98 | .01274 | 01208 

Faso | 2 || 106.74] 95.59 [ 105.20 | ros.a7 | 3.19} .o2909 _ 

j14so | 4 fs9e-on} 25.90 {509.58 f oo3.se { resox | soaasn fT __ 
(1450 | 5 | 977.47 28.60 | .02926 

rg00 | 2 tf 102.10} 97.13 201864 

(rao? 3 1 290.41 | 271.65 | 200.32 | 201.58 | 4.44 {01529 |.o1390 | x | 
1400 | _4_ il 571.68 | 531.70 san | sve.s0 [esol orso3 | oses | _ 
1400 | 5 ‘| 945.64! 885.60 | 937.84 | 953.46 | 16.08 | .01700 
11350 ; 2 ++ 102.72! 97.91 | 101.92 | 103.53. ] 1.62  |.01577 | .02404_' 

1350 | 3 «| 290.931 273.60 Ere Tee eR RTT 
[ias0 te {| 573.36 | 53e.20 | 569.51 | 578.71 [| 9.20 [.or60s | .01557_ | 

11350) 5 ‘! 951.20! 892.40 | 942.30 | 962.46 | 18.16 {.01409 | 


1350 | 6 _{[ 1434.30 [1334.60 _[r425.69 [raag.o8 | 01631 _|.ors79 [| x 
[r300 [2 [ff 103.sa [90.53 [02.79 YT roa.so | 1.61 [0155s | or4os _| 


°F £5 fy fr 


serz.jMose ye 
{ 1300 TERT CRT ETT BT TT 
[1300 | 4 || s7g.e1{ 541.77 | 574.38 | se4.se_| 10.20 | .01762_ | 01720 _| 
1300 soresé | oi797_ [| 
| 1300 .02076 | 02030 | 
[izso | 2 if 103.84 | 97.40 | 202.01 | roa.ea | 2.93 | .orss9 | -or7z6 [| 
1250 {| 3 if 295.61] 278.00 | 293.26 [| 298.80 | s.s6 | .o1e73__| 0179 | 
1250 | 4 '! 584.90 orm 579.38 | 591.33 11.95 | .02043 __[ .02004 
{1250 | 5 if 971.72 902.37 | 20.55 [.oas [20610 | 
i200 | 2 II 105.24 106.29 | 2.38 | 02264 | 
3 
4 


fe sf ‘5 n 1dB 


|.o2ze4 | 
[1200 iT 299.65 Pzva.re {asense [ soz.06 | cut [ooziez [ooze [ 
1200 | it 592.12 586.28 | 597.52 11.23 | .02897 
11200 | 5 || 983.63] 912.40 | 975.23 | 992.92 | 17.69 | .01798 Eee ead 
[1200 | 6 [1476.81] 1363.10 [1465.34 [1493.05 | 28.51 | .o1931 [1931 [| 
sot 2 it 107,00 | 100.70 | 105.83 | 108.27 | 2.44 [02280 | 02200 |__| 
301.01 | 306.28 5.27 1.01736 | .01736 
1450 | 4_'| 596,86 | 553.62 [sesso | sos.1e | 6.68 | o1sso | oles | _ 
fuse [5H saecas stron [oot henose [ee fons [oouss 
aE 6 ‘1 1490.24 | 1372.32 19.68 1.01321 | .01321 
1100 { 2 !| 108.60) 102.42 01756 
100 307-10 | 263.00 “ates 
1100 | 4 ‘Lanes 557.40 5.83 _ | .00964 
jiioo | 5 {[no03. 29 | 923.50 _| 999.70 7.45 | .00743 | 00743 | 
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TABLE 3-E (Concluded) 


Beam No. _91-51-1 


fo fo fr fe af Vs Re 1daB 


[_Zexp- [Mode _T] 


(ee Rese (ee a ee Ree 
i100 {6 [[usez.ia| 130100 [iase.te [ases.sa [1599 [wine one J 
noses = einer toate Mies ene ap) wees cngie 
RET PSI TTT ZT 


1000 | 


1514.89 .oos1s | .ooeis [| 
111.26 0.88 | .00795 | .00795 
if 311.94 
| 614.99 | s64.so | 613.36 | 616.56 | 3.20 | .oos20 | 
i] 1019.27] 935.01 |r017.31 |rozi.as | 412 | oosoa | oogoa | 
I] 1524.92 
4121.62] 103.22 | 111.28 | 112.01 | 0.73 | .oo6sa | .oosso | | 
if 324.431 289.20 1.35 | .00429 |. 
i] 619.401 67.40 | 618.06 | 620.85 | 2.79 
1026.52 [-vss.20fioze.se noae.s6 [3.40 [0301 L. 
i 1535.72 | 1407.10 Se ee as et 
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Beam No. 01-51-2 
Date 6/8/79 


Damping Material Two layers: first O. Hommel 1202; second 
O. Hommel 1250 





Material Thickness 0.0221 cm Material Density 3.81 g/cc 
Fixture No. 2 Beam Thickness 0.0950 cm 
Beam Density 9.13 g/cc Beam Length 20.95 cm 
Temperature Test Range: Between 650 °C and 455 °¢ 
Frequency Test Range: Between 95 Hz and 1,580 Hz 
Loss Factor Np? 
Peak 100 Hz 1p * Temperature = °c 

1,000 Hz Ny * Temperature * °C 
Range 100 Hz W °¢ id i 

1,000 Hz i °C = °C 
Complex Modulus Ep": 
Peak 100 Hz 5.4x 109 pas Temperature 965 “Cc 

1,000 Hz 5.4x 109 pas Temperature 610 °C 
Range 100 Hz 520 °C 610 °¢ 

1,000 Hz 550 °C 660 id ¢3 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 101-S1-2 
LOG(M)*LOG(ML )4(2LOGCMRON/ML) 0/(1¢(FRONZER 322N) 
Te FROM MROM N AL 


al Re az a4 
S@0.0@ 7.8095E-03 6.3407E+69 -444 8.5000£+08 
Ae (LOG(FR I-LOGCFROL 3 9 7C 
LOG CETA }*LOGCETAFROL )+( (SL*SH A+ (SL~SH )(1-SORTCI4AZB2 ) C72 
Te ETAFROL St SH FROL c 


1 83 B4 BS 
$00.8 ~42e -606 -.308 3.1868E-04 1.922 
LOGCFR ¢LOG(F )-12(T-T8)7(525/71.8+T-TO) 


REMARKS : Retested 91-51-3. 
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* Not measured. 
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Beam No. 01-51-2 
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Beam No. 01-51-3 
Date 6/11/79 


Damping Material two layers: first O. Hommel F-1202; second 
O. Hommel R-1250 


Material Thickness 0.0221 cm Material Density 3.81 g/ce 


DEE Re ereee  caemeneirndnen hemes Merc mameel hire iF MeeRRIe 


Fixture No. 2 Beam Thickness v.0950 cm 
Beam Density 9.13 g/cc Beam Length 20.95 cm 
Temperature Test Range: Between 650 °c and 455 °"C 
Frequency Test Range: Between 95 H2 and 1,580 Kz 


Loss Factor Np? 


enh NON NN aH 


Peak 100 Hz Ay Temperature e i 
1,000 Hz ny * Temperature - °C 
Range 100 Hz i °c ‘“ °c 
1,000 Hz = i e gh 2 
Complex Modulus En": 

‘ Peak 100 Hz 5.4x 109 pas Temperature 610 8 
a 1,000 Hz 5.4x 10° pas Temperature 660 °C 
| Range 100 Hz 560 “C 670 °C 

| 1,000 Hz 600 °C 740 °C 
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NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 2€1-51-3 RETEST of 03-53-é 
FORA RON RR 
ye fe us 
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LOGeeR}eLOGEe e12et- Tee: 525/1.8¢T-Te) 
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REMARKS: Retest of 01-51-2 after 144 hours at 595°C 
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* Not measured. 
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Beam No. 0i-51-3 
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Beam No. 01-55-1 


Date 12/13/79 
Damping Material Two layers: first Corning 0010 + 10% Al 203 + 


1% Co»703; second A150 


Material Thickness 0.0152 cm Material Density 2.93 g/cc 
Fixture No. 1 Beam Thickness 0.0963 cm 
Beam Density 9.13 g/cc Beam Length 20.879 cm 
Temperature Test Range: Between 595 °C and 900 °C 
Frequency Test Range: Between 95 H2 and 1,470 Hz 
Loss Factor Np? 
Peak 100 Hz ony 0.24 Temperature 790 oC 

1,000 Hz ny 0.24 Temperature 855 °C 
Range 100 Hz 735 oC 860 °C 

1,000 Hz 790 eC 875 eC 
Complex Modulus Ey"? 
Peak 100 Hz 5.5 x 109 PAS Temperature 710... -°¢ 

1,000 Hz 5.5 x 109 PAS Temperature 840 °C 
Range 100 Hz 725 a © 855 °C 

1,000 Hz 765 °C 915 °C 


NOMOGRAPH CURVE FIT EQUATION: 
MATERIAL 1585-4 
LOG(MLOGCAL > (2LOGCMRONZML ) 7 (14(FRON/FR )S2N ) 
Te FROM MROM v AL 


al ae a3 A4 
600.0 9.9000E-04 1.6000E +18 +400 8. 0000E+69 
Ae (LOGCFRI-LOG(FROL ) 7C 
LOG (ETA) LOG (ETAFROL 2+ ( (SL¢SH A+ (SL-SH )(1-SQRT(14ARZ2) C72 
Te ETAFROL st SH FROL c 


1 83 B4 BS 
600.0 253 -356 -.350 3.80@0E-03 1.000 
LOG(FR )°LOG(F )-12(T-70)7(S25/1.8+T-TO) 


REMARKS: J-85-4 project. After 100 hours at 845°C the beam was 
Ty dT a ee ee 
cooled to ambient temperature. After five minutes the entire 


coating came off the beam, 
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TABLE 6-E (Concluded) 
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Beam No. 01-55-12 





1dB 
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A 93634 01572 3 
@.019°2? | 0,01600 
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9.91674 | 0.01519 
a.o1e¢) 1 0.01785 
0.93898 
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Damping Material Three layers: 













































































first Corning 0010 + 10% A1203 + 






































Beam No. 01-56-1 
Date 22/27/78 


1% Co203; second Nickle Aluminide; third Magnesium Zirconate 


Material Thickness 


cm Material Density 4.24 g/cc 
Fixture No. Beam Thickness 0.0958 cm 
Beam Density 9.13 g/cc Beam Length 20.942 cm 
Temperature Test Range: Between °C and 2¢ 
Frequency Test Range: Between Hz and Hz 
Loss Factor Np? 
Peak 100 Hz Np Temperature °C 

1,000 Hz 1p Temperature i OF 
Range 100 Hz 2C °C 

1,000 Hz ares © °C 
Complex Modulus E,": 
Peak 100 Hz PAS Temperature eC 

1,000 Hz PAS Temperature °C 
Range 10C Hz °C °C 

1,000 Hz °C eC 


NOMOGRAPH CURVE FIT EQUATION: 


REMARKS : J-85-5. 


survive at usable temperatures. Beam was not tested. 


Coating same as 01-50-1 which failed to 


rr LS 
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Beam Ne. 01-58-] 
Date _ 6/1/79 


Damping Material Two layers: first 74.5% SiO? + 19.75% CaO + 
12.75% Na20 + 3% Al203 + 2% Co903; second NiCr 


' 
Pena ~nmmmananumtete ann Me Biamanll nebo iam Wien pein 











Material Thickness 0.0302 cm Material Density 5.48 g/cc 
Fixture No. 2 Beam Thickness 0.0970 cm 
Beam Density 9.13 g/cc Beam Length 21.67 cm 
Temperature Test Range: Between e655 °c: and 565 eC 
, Frequency Test Range: Between 85 Hz and 1,420 Hz 
Loss Factor Np? 
| Peak 100 Hz Ny 0.10 Temperature 690 °C 
1,000 Hz ny, 0.10 Temperature 720 °C 
| Range 100 Hz 670 °C 760 °C 
1,000 Hz 690 se 801 °C 
: Complex Modulus E,,": 
Peak 100 Hz 4.9 x 10° PAS Temperature 695 ec 
1,000 Hz 4.9 x 109 PAS Temperature 729 °C 
Range 100 Hz 660 na = “C 
1,000 Hz 685 2¢ * al 


NOMOGRAPH CURVE FIT EQUATION: 


ee ee 


li AU Ley ete ey ll 


MATERI: © 2385-15 INITIAL TEST 
eran ORagn<4* CERONER EAR, 
Abs 


ai ms 
50-0, 4, 9000E-03 x 
As: LOG(FR)-LOG(FROL >) os Gaeee+ie Ar600 4. geeee-26 
LOGLETA}-LOGETAFROL, ¢* ore A+ (SL-Sh? (1-SORTL1¢AR8299 C72 
ROL c 


556.0 - 362 Fe ee Bos 6 Bs i 
- 5S8@8E~- . 
LOGCER LOGE ea2tT-T8 9 (S2E71~ 8eT-Te) eee a OE 


re ee Re eee nn ere weer Peng 


net ome 
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Ra ae pp 


; REMARKS: J-85-15 project. Thermal soaked for 163 hours at 815°C. 
The coating began to peel off at the edges. Could not retest. 
* Ep" did not go below 0.707 multiplied by peak at upper limit 


of test. 
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TABLE 7-E (Continued) 


Beam No, 


[ee 
1500 


1500 
1500 
1500 
1450 


555.21 | 493.05 | 552.54] 558.38 01952 
923.92 | 818.23 915.52] 935.00 02108 [| .01994 
1374.13 | 1224.27 1365.45| 1382.81 .02483 | .02395 


824.50 | 970.40] 941.56; 21.16 | .02273 | | 
1384.72} 1233.53 37.07 | .02667 | 

[100.30] 102.58] 2.38 | 07340 | 02009 
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[i250] 5 ]| 2005.08] —ea0.e3 | 999.62] io10.e1| 10.99 | 01088 | -0i087 
[250] 6 |[ a4e9.62 | 1269.51 | 1482.56] 1497.75] 15.17 | 01018 | 00868 
[“x200[2 || 120.09| 93.04 | 109.49] 110.99] 1-0 | 01363 | -01203 
ES a ARTETA a 
200! a || 609.45 | 516.25 | 07.25| 61.60 | «.49 | 00727 | .00676_| 
ninco | 954.80 | | 1012. 30| | 1018.33 | 6.03 | .00594 | | 00556 | 
[[sos.95| 2272.90 | 1499.96] 1509.20 | 9.28 | ooeia | -o0sse | 
1is)_2 |p 11.39] 94.58 | 111,01] ana.62| 0,61] 00727 | .00579 | 
[nisd 3 [14-82] 266.16 | 314.03] 315.58] 1.55 | 00092 | -ooa1e 
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TABLE 7-E (Concluded) 


Beam No. __01-58-1__ 













°F fy fn f, fn af Ng Ne 1dB 
[ Temp. [Mode || ene re EY ee Re Rape) (ee 
|-1150/ 4 || 615.00] 19.95 | 613.68] 616.30 | 2.62 _| .00426 | .o0369 | 
| aiso] 5 || 1024.16 1026.13 {3.75 _|_.00366 | .00332_ {| 
Tirso| 6 |[asi7-48 | izee-18 | aste.e2| 1820.51 | 5.95} 00302 [.ooa [| | 
Miroo| 2 J] 2.40 112.63 [0.46 | 00409 | -00273 | 
Taoo [3 ][-ai7.ae [267-10 | 219-06] 217.95 | —0.91_[ -o0207 | -oom16 | 
[-a100] «| 620.05 | 523.30 | 19.20] 620.92 | 1.7 | .00277_| .00033 | 
[i100] 5 || 1032.52 | —ao-10 | Tosi.2s] vos3.s6.| 2.33 | 00236] 0015] 
Tix00| 6 I] 1529.60 | 1296.00 | asa7.38| 1so1.se[«.z0 | 00273 | -00233_| 
eso] 2 119.22] 95.79 | 113.06| 119.90] 0.32 | coves | -0ois0_| 
[2050/3 || 319.76] 268.50 
1050] «624-40 | 526.52 | 623.00] 625.11 | 1.23_[ 00197 | .o0155 | 
T1050] | 1039.60 | 971,93 | 1030.90] tos0.ss [1.65 | 00159] -00!73 
[1050] 6 | 1540.06 | 1304.26 | 1539.60] 1541.60 | 3.00_[ 0018s] -oo16? 
j++ | —_} —__} 
+} —_}—__}|__}—_| —_f 
ee) Ea | a (eee (ie nected Geeme Benny 
|} -+_}+—__+—_+—_} | _ 
ia Fae ee ae ee ee) ee ee 
aa ee | eS ed ee ee eee Ieee 
ee (eee | Ca ees eae eee ee! ee Reed 
+} + 
ae ES | eee eee Eel ees Fee eee 

FSeeey eee! Deke eiees ONneee | (Gemeente fee anny nae 
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Beam No. 01~58-2 
Date 6/6/79 


Damping Material Two layers: first 74.5% Si02 + 10.75% CaO + 
6.375% Na20 + 6.375% KHCO3 + 2% Co203; second O. Hommel 1251 


Material Thickness 0.0168 cm Material Density 2.68 g/cc 
Fixture No. 2 Beam Thickness 0.0970 cm 
Beam Density 9.13 g/cc Beam Length 21.623 cm 
Temperature Test Range: Between 870 °c and 565 °¢ 
Frequency Test Range: Between 89 Hz and 1,420 Hz 
Loss Factor Np? 
Peak 100 Hz Np 0.25 Temperature 730 °c 

1,000 Hz ny, 0.25 Temperature 790 bk & 
Range 100 Hz 690 °c 790 °C 

1,000 Hz 735 °C 850 °c 
Complex Modulus Ep”? 
Peak 100 Hz 1.1 10!9PAS Temperature 700 oC 

1,000 Hz 1.1 10!°PAS Temperature 760 °C 
Range 100 Hz 660 2c 735 as 

1,000 Hz 710 SC 800 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL :€1-582 
LOG CM LOSI ML D4 (2LGSCMROA/AL ) 7 (14+ (FRONVER )22N) 
Te FROM AROM N AL 


ai Re a3 a4 
530.0 9.80€CE-03 4.00@0E+10 -699 2.1000E+10 
As (LOGCFRI~LOG(FROL ) “C 
LOGC(ETA ) eLOG(ETAFROL )+< (SL*SH A+ (SL-SH) (1-SQRT(14AR82) C72 
Té ETAFROL SL SH FROL Cc 


Be B3 B4 aS 
588.0 256 2456 = - 500 9.89@0E-03 -998@ 
LOG (FR )=LOGCF -12¢ T-T@)7(S2571.8+T-TO) 


REMARKS : Retested twice: 01-58-3 and 01-58-4 
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$07.97| 493.05 | soz.so | 513.18 | 10.68 | 
918.23 | 632.12 [852.28 | 20.17 | 





TABLE 8-E 
Beam No. __ 01-58-2 

bt a f. ft, fo fo sf ns Ne 1dB 
Preto | 2 || ese] wai | ese | soar | res oor | 
[acoo|s” | e22.si[_s0s.20 | e14.78 | e28.78 | 13.50 | - 
[a6o0| 6 || 1229.81] 1205.68 | 1221.00 | 1239.80 | 16.00 | 
Passo| 2 || 90.73] ee.e9 | 90.16 | 91-05 | 1.29 | 
|isso] 3 | 255.76] 209.25 | 253.61 | 257.80 | 4.19 | .01638 | 
isso|_4 || 502.67] 490.02 | 497.65 | 505.36 | 7.73 | .01541 
| 1550 | 830.95] 812.05 | sz4.60 | 623.25 | 13.65 | .02643 
888 | szaz.ca| 1215.13 | 1231.76 | 1254.57 | 22.79 | 01834 | .01704 

jj} sa.erf _ee.69 | 92.14 | 92.49 | 2.35 | 01470 | 
| _rsoo] 3 | 259.16{ 251.6 | 257.69 | 260.43 | 5.38 | -02087 
| 1500 |_s07.971 | .02102_| 
| 1500 | | 02396 | 
[1500 | | 1224.27 | 1239.23 [1272.04 | 32.72 | -02596 | 
[1450] |_90.39 | 92.03 | 94.05 | 2.02 | 21a | ora6s | 
| 2450} | 253.86 | 259.72 | 266.11 [| 6.39 | .o2428 | 
| 14501 


| 497.63 | 509.66 | 524.24 | 14.60 02827 | .02736 | 

| isso] _s_ || | 924.50 | 842.22 | 964.66 | 22.45 | .02637 | .02539_| 
| isso} ¢ | 123353 | || CC 
| 93.27] 90.39 | 92.48 | 96.20 | 1.72 | .o18ee | 01544 | 

5] eacoal 253-06 [200-50 | "aeecss esos | coaner — | oz0ee— 

| isso] 4 |] s2i.26f 497.63 | 515.05] 524.90 | 19.35 | .03714 | .03623 | 












sg f. tf, f fn af Rs M% ids 
[temp.[Mode JT] ae Ge (Se I ee 
pases aaa [east | o7i.es | 23.67 | coral] ones 


aaa aoe 
St De ee -oaaes_| -cenon_ | x | 


267.65 255.75 264.56 269.72 
|_sor.39 | 520.59 


3 03346 | 03274 | 
877.93] _830.€2 863.82 | 28.52 | .0324r | .03167 
1242.59 


PEEL EEE 


95.07 


| 02550 | 02481 | 

| 92.92 | |_ 3.42 | 03543 | 
273.15] 257.86 | 268.02 [277.87 [9.85 | -os60n [03465 | 
-40 | 16.19 | .o3n09 | 02950 _| 

[26.05 | .02906 | 





~~ 
a 
a lo lu 
ob lo 


$38.06] 505.52 | 531.22 | 547.40 | 
884.71 910.76 


279.61] 259.75 | 275.02 | 283.90 | s.0R _| 


[842.20 | 905.70 | 923-20 | 17.50 
1376.15] 1261.90 [1366.18 | 1386.23 | 22.05 | 
[95.8 [ io0.63 | io7-9e | 2-31 [02273 


286.20| 261.20 | 283,76 | 288.30 | 
$12.34 $58.72 | 565.09 | 
1388.75] 1269.51 | 1383.92 | 1394.80 | 10.88 | .00783 


od Rend 
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wiw 
elo 





Wl 











Lt El A AME 


ges a Lah 


ee 


GP A AR MB at ot td Sb 5 Et 































































































































































































TABLE 8-E (Concluded) 


[Mode | Se Pe ee 


567.58] 513.20 | 562.45 | 
p_34.55 | 1283.80 | 


[366-16 | 291-40 
[~aen.20_| 934.27 | 945.73 | 

Fazee.a6 | 2010.17 | 1017.92 | 7.75 | 
95.14 [104.74 | 105.14 | 
[sar.60_| 575.64 | 576.77 | 
[266.20 | 949.45 | 


413.00] 1296.00 | 1411.25 | 
95.79 105.43 | 105.67 
295.98] 268.50 | 295.62 | 
579.62| 526.52 | 579.38 | $80.19 


Beek 


$76.24 


























































































































































































































































































































AMAAABWHHHAMAHADHOAHDAOAKHSOSOOHRSARAVIALAAABABA 
89999890008 9G6 “$9198 10999 11193 OO9089980000 
Pv SEH SSEHSHSSH SHH HSHSHSSE HEHE HHSEHH HEHE He Hee eestse 
ot Raf aS LaF LnS hes Aas Aad LeT Le) Fas tal hcl has tad as Las Las ted had tad Lad had Col Aad hed ad Ras had tad al nd has hes Mad ladies Sad hed tad 
ad OAT HHO CMW HOMOHBHAMADVQSDUUNWHADH «UST AHRUATHRAK™M 
= HADLEY HADDAM WAM HOO AMAADBOMNMNOUNM CALM) “~AWMNl- AOL CNBHAMOIN 
NX 
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NOAL CT VOO HAH TMO HD HANMGOONMNWDOMNMNGOMUM «FT NHOR<DUSULAR 


eoeoecen wwe ec eo ere eee eee eee eee seereereer eee toes eanwmernveeesanseoe 


AVMMOMNE COMUMUTNWOLS FON C€ Val H& HAGDAON 1 HHO DWUNNMOMIE TUN ct cece 


COMPLEX MOD. 


UUM VASO BDL AMOUMNNOA FT FTHWMMVOVWDAK TC NDHUME ONOMUNVA<Ainveaenwh 
evoeeceec eos ee eer eceo eee see seo ete eae aan eereecc eer eee srecesnine 
OF OMMNVUVOHOH- MOT CONDOMS C€MNUOMAMUL ME hURANU-<HNDBUAMMOM ¢ oO 
BEIDBVO MH HATOVMGHAVUUAINOAMMNAHUM €TMMNANMDNAHANOTVOT WOABHNK OD 
UTOUUMOT MU wUToVOTM wTeCUNEO NY wonn CUNMCMAININTD anena 

rt -« - wtws wtwe 


HZ 


Lan cnet thle OAL ONE A 


ULUMNG-OF HOW HAWBOAUHME CWUT OOK UNDO TNUBUL NOUNTAW“TeWaANTe 
OF ATM MM ADO HUM “ON OWWOT AWANDACTNWE MONK Ost ~K<MinewM 
OO HAMAD tt AUUUUMU HA MHVUMUTUMNMUUAUUMNNMUN-AGQ-nVHOSOS 
8988 G9909980888999F90 9999990898998 09989909088G5SE606 


ooo eo wre woo eee ees eoeos ee seeoewreeeve oe eee ere eo eer ewe 
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Beam No. ___01-58-3 


Date 6/79 
Damping Material Two layers: first 74.5% SiO» + 10.75% CaO + 
6.375% NazO + 6.375% KHCO, + 2% C0203; second O. Hommel R-1251 
Material Thickness 0.0168 cm Material Density 2.68 g/cc 
Fixture No, 2 Beam Thickness 0.0970 cm 
Beam Density 9.13 g/cc Beam Length 21.623 cm 
Temperature Test Range: Between 870 °c and 590 °¢€ 
Frequency Test Range: Between 92 Hz and 
Loss Factor 


1,430 Hz 
Np? 
Peak 100 Hz Ip 0.20 Temperature 715 eC 
1,000 Hz Np 0.20 Temperature 770 2¢C 
Range 100 Hz 690 %¢ 740, °C 
1,000 Hz 730 °C 830 °C 
Complex Modulus Ep"? 
Peak 100 Hz 1.1x 10!°Pas Temperature 
1,000 Hz 1.1x 10!°pas Temperature 
Range 100 Hz 685 °¢ 735 1c 
1,000 Hz Loa. FE 810 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 2701-58-93 
Regge EDA ag ee iret EER A 
at.) 
Aa 


1 a3 
$80.9 1.9456E-Se 5S. a344E+10 «788 3.6911E+1¢ 
Ae (LOG(FRI-LOG(FROL ) )/C 
ot aa ae alate cee ae eae 
TO ETAFROL Sb FROL c 
Be B4 BS 
1.8475E-@2 +343 


B3 
580.0 +200 408 
LOG(FR)*LOG(F )-12:T- -007(525-1, Bete TO) 


wee nang ae 
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REMARKS: Retest of 01-58-2 after hours at “Cy 
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TABLE 9-E 


Beam No. __01-58-3 


Pe = fr fe sf n o 1dB 
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TABLE 9-E (Concluded) 


Beam No. __01-58-3__ 
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Beam No. 01-58-4 
Date 7/10/79 


Damping Material Two layers: first 74.5% Si02 + 10.75% CaO + 


6.375% KHCO3 + 6.375% Naj0 + 2% Co203; second O. Hommel R-1251 


Material Thickness 0.0168 cm Material Density 2.68 


Fixture No. 2 Beam Thickness 0.0970 
Beam Density 9,13 g/cc Beam Length 21.623 
Temperature Test Range: Between 870 °C and 620 
Frequency Test Range: Between 88 Hz and 


Loss Factor Np? 


Peak 100 Hz Np 0.15 Temperature 705 e¢ 
1,000 Hz Np 0.15 Temperature 760 £¢ 
Range 100 Hz 665 SC 745 °c 
1,000 Hz 715 °C 810 ig © 
Complex Modulus Ey"? 
Peak 100 Hz 9 x 109 PAS Temperatuce 675 °c 
1,000 Hz 9 x 10? PAS Temperature 750... -9¢ 
Range 100 Hz 675 oC 725 °c 
1,000 Hz 720 °C 780 =C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 2:61~58-4 
BOE CA I“ LOGKME 24 CELOG CRE RZ RL 9701s (EROMFR IRIE) 
Te aris ys i at 


a3 
6.8 §$. eseae-02 uae sesee+ie -600 4 Leeeoesie 
A= (LOGieR = LOG(FR 


LOGLETA =LOGCETAFROL Jo (SL¢SH>Re<SL-SH)(4-SORT(LonEs2))2¢~2 
ETAFROL SH FROL c 


8 B4 BS 
600.8 162 380 450 7.S5@00E-e2 660 
LOGCER *LOGCF = ~12(7-T9)7(52571- 8+7-TO8) 


1,421 


REMARKS: Retest of 01-58-2 after 376 hours at 870°C. Resumed 


thermal soak: total soak was 927 hours at 870°C. Coating held 





up well, but disc came off beam; will not retest. 
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TABLE 10-E 


Beam No, _ 9i759~4 
€ 
cm f t £2 at ns ae 1dB 
| 
93.26] 88.21 } 92.58 93.93 | 1.35 | .01448 | .00738 | 
| 1600] 3 lard eae | 261.29 | 265.11 3.82 01454 | .00794 ; 
H ———— i 
; 1600] 4 515.21] 486.30 512.56 | 518.09 5.53 | .01073 | .00802 { | 
1600] 5 || 850.04] 805.70 944.93! a5a.30 | 9.37 | .01102 | .00860 | } 
1600[ 6 |f 1268.10] 1205.68 | 1259.80 | 1275.30 | 15.50 | .G1222 | .01041 | 
1550 94.36] 88.89 93.75 34.89 1.14 | .01208 | .c»528 | 
1550 249.15 264.84 | 267.51 | 2.75 0134 00681 | 
1550 490.02 517.895] 523.59 5.70 | .01094 | .00924 | i 
1550 858.70| 812.03 853.35 | 863.30 | 10.04 -02169 







1281.22] 1215.23 1271.55 


17.44 


1288.99 } } -01361 -01232 i 
95.83 | 1.07 -01123 -00693 


i500 | 
1soo] 3 |! 268.77] 251.86 | 267.22 | 270.46 | 3.24 -01205 | .ooses | 
1500] 4 293.85 522.83 $30.41 | 7.58 01438 
1500] 5 |{ s66.90{ 18.23 | 961.46 12.74 | 01470 Te oe! 
1500} 6 1281.45 | 1303.67 | 22.22 | .o1717_ | .or616 | 

| 1450] 2 96.49] 96.39 97.03 | 2.22 .01264 | .G0967 } 

; 2450] 3 27..61] 253.86 273.57 3.58 | .01318 | .01093 | i 
1450] 4 $31.88] 497.63 | $37.27 | 8.93 01679 -01588 | 

| 1450] 5 {| 878.26! 824.50 | 886.41 | 17.29 01969 | 61832 
1450} 6 1314.86 | 34.03 -0260 02518 | 

Fis00] 2 97.66| 91.20 97.07 98.39 1.32 




















255.76 273.49 | 278.11 -01712, | 01537, | 




























| 1.400) 540.08] $01.39 | 534.94 | $45.50 | 10.46 | .01937 | .01865 
°F 
fo fn ft fp of Ms Xe 1dB 

Temp. [fade [J ‘ets i PS 
+ :400[ $ 892.22) 830.62 680.53 | 904.63 | 24.10 -02701 | .02619 H 
| as00]¢ || i3ee. so] azez.ss |_| as5as8 Fe SEE Hy ee 
11350] 2 Hf 98.55] 91.92 | 97.34 99.66 02354 | .07191 | 
j_i3so] 3 |] 279.30] 257.80 276.15 | 282.94 6.79 02431 | .02290 
[1350] 4 {| 545.78] 505.62 | 540.17 | 552.49 | 12.32 02257 | .o2198 | : 
1 13501 5 |] 907.93] 837.45 | 996.15 | 919.03 | 22.88 | 02520 | .c2450 

1350] 2 98.08| 91.92 96.93 39.16 2.23 02274 | .02211 j 
i 31350] 4 | $40.92 | 555.09 | 14.17 .02585 
| 3350 s |[ 905.28] 937.45 83.16 | 914.79 | 31.63 | .03494 | .03424 

1350/6 || 1332.79] 1252.10 | 1327.20 01941! 

1300{ 2 || 99.82] $2.46 | 98.53 | 101.2 2.68 | .02685 i 

1300} 3 || 283.311 259.75 287.22 7.14 | .02520 | .07400 | 
| 1300] + j{ 558.10] 509.60 | $52.50 12.49 | .02238 | .o2189 | 

1300] 5 919.03} 842.20 909.62 | 926.39 | 16.77 -01825 | .01768 | : 
1300/6 {| 1343.21] 1261.00 | 1425.60 | 1348.18 | 25.90 01928 | .aie7a [| 

1250] 2 "| 102.10) 93.11 | 101.02 | 103.34 | 2.32 | .02272. | .o21a2 | 

1250| 3 288.57} 261.20 | 286.10 z ' 
1250} 4 j|_ 566.21] siz.34_| 563.14 6.33 | .oilia | .01075 | 
12501 5 |] 930.90! 848.63 926.18 | 934.69 8.51 | .00914 | .00R42 | | 
1250] ¢ || 354.69 1269.51 | 1349.09 | 3360.01 | 21.63 | 

12001 2 {| 103.621 92.85 1os.e¢ | 1os.ty | i.de | -arli9 | waa 
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TABLE 10-E (Concluded) 


dy eal i AD iy Py | 


Beam No. _ 01-58-4 


°F z £ f £ af n n 1dB 


c 
aa SE oT 
aa] ee |e [ene a | 

573.49 | 3.69 | .00646 | .00606 

pie fete fans.) aanaz | sae fanaa 4 toga | 

| 1360.80] 1278.20 | 1357.50 | 1366.40 | 17.49 | .o1zes | .01239 | x ‘| 
104.6e] 94.55 | 104.41 | 104.96 | 0.55 | .00525 | .oosos |_| 
|__266.16 | : ie =" 

: i ——— 
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293.76 1.13 00384 00294 
$76.07] 519.95 $75.21 1.79 -00311 00272 
946.31| 861.20 | 945.23 2.34 00247 | .00203 _| 

1419.34] 1288.46 | 1417.49 | 1423.23 00264 | .00221 
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Beam No. 01-61-1 
Date 3/79 
Damping Material Two layers: first 74.5% Si09 + 10.75% CaO + 


6.375% NagO + 6.375% KHCO3 + 2% Co703; second NiCr 
Material Thickness 0.0305 cm Material Density 4.61 g/cc 
Fixture No. 2 Beam Thickness 0.0973 cm 
Beam Density 9.13 g/cc Beam Length 21.768 cm 
Temperature Test Range: Between 955 °C and 595 °C 
Frequency Test Range: Between 84 Hz and 1,375 Hz 
Loss Factor Ny? 
Peak 100 Hz Np 0.12 Temperature 705 °¢ 

1,000 Hz Ny 0.12 Temperature 745 2¢C 
Range 100 Hz 680 i © 770 °C 

1,000 Hz 695 °C 840 °C 
Complex Modulus Ey"? 
Peak 100 Hz 4.3109 pas Temperature 

1,000 Hz 4.3109 pas Temperature 
Range 100 Hz 670 °C 765 °¢ 

1,000 Hz _ 690 °C 805 nc 


NOMOGRAPH CURVE FIT EQUATION: 


TERIAL :J85-16 INIT 
a a la 


Fat 
600. tee ME tae h ra .7886E+10 7492 4. 9644E+09 
o( (FRI- 
RagteTadsLOGCETAPROL)*( (SLegnrAe(SL- eA i all 
18 ETAFROL Sst FROL c 


B4 BS 
680.6 15 2318 S.4468E-02 +800 
LOG(FR )°LOG(FI=1 12¢T- ~78)2 (52871. "Bete Te) 


| 
| 
: 
| 
{ 


npr sere 


ee or Fae 


ioomnapa sa 


REMARKS: J85-16 test 1. Retested as 01-61-2. 
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TABLE l1l-E 


Beam No. 01-62-1 


Ts Ne 1dB 


atREeTee 
-0159) _| .00891 
01735 {| .01073 


“F ft. tf, fy fn 
4 


= 
237.97 
769.60 
| 85.13 [85.32 | 
eet 
468.30 
790.50| 776.60 | 
1186.10 
245.30| 240.50 


482.50 472.50 


“Femp. [Mode 












7.39 


> 
m 















f 00825 
| 01521 | 00871 
-01457 | 01087 


3.73 
7.03 






-01582 


801.04 783.60 798.37 807.10 11.73 01464 
1173.60 . . 


1201.20 1192.70 | 1211.70 
88.40| 86.62 87.64 | 89.04 | 
248.30 


488.53 
810.00] 799.40 
“TT1216.20] 1183.40 
_¥9.40 
250.94 
494,32 







7.16 





1.37 01532 | .00852 —— 
3.85 01535 | .01082 
7.83 01584 | .01414 





























°F fy f, fy, fp af Ns Ne 1dB 
1550 821.34] 797.10 815.17 13.53 01647 | .01487 
1550 1229.29] 1193.20 | 1218.09 101754 | .01624 
1500 90.82 89.83 -01083 
1500 254.22 252.42 | 256.66 | 4.24 | .o1668 | 01348 | 
| 1500 500.30 495.20 +0172) 
1500 831.34 822.86 01932} 
1500 1242.80] 1203.00 | 1226.85 | 1254.32 02109 
1450 91.46] 88.87 90.77 92.23 01296 
1450] 257.03| 249.10 255.00 | 260.12 01767, | SY 
1450 $05.20] 489.20 499.64 | 519.78 02134 








842.40 610.20 831.68 853.23 



















































1450 02460 
3450 1258.01] 1212.40 | 1244.90 | 1266.17 

_ 400 92.65} 89.58 91.70 | 93.44 
1400 __260.48| 252.10 259.22 | 262.48 | __ 

_1400. $13.75] 493.00 505185 | $20.83 | 14.98 .02916 | .02844 
1400 854.80} 816.40 842.31 | 868.35 | 26.04 03046 | .02964 

“V4a00 " 1266.04) 1221.90 | 1248.67 | 1281.26 | 67.90 | 08369 1 cosa00 

“7350 93.88] 90.29 92.69 | 94.92 2.23 .02375 | .02212 
1350 264.40| 253.10 | 262.73 | 266.50 7.41 .02808 | .02667 
50 525.30] 496.70 516.13 | 532.97 | 16.84 03206. | .03147 
1350 A71.58| 822.60 aa.16 | 684.45 | 20.29. | 093017 | .00047 

T¥50 “3295.20 123490} USRe.1y | Fey | Stcae alaGn, udone 

Sr I | Oa TTR Co cE 
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TABLF 11-E (Concluded) 


op 


284, 904 


Temp. jess. aps 


seo] 4 4 _ $32.52) 500.50 : 

1300 | 6, Sabie 828.70 | ‘ 
00 | 5 _88e G 

1300] 6 7325.50 


266.70 | 272.80 


526.60 | 537.61 | Ji. 
875 80 ia £97.45 


1240.00 { 1317.25 1331.43 


97. 97.364 91.61 


96.13 98.98 
279.39 
545.92 


893.20 
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Beam No. 01~-61-2 
Date 3/9/79 


Damping Material Two layers: first 74.5% SiO» + 10.75% CaO + 
6.375% Na70 + 6.375% KHCO3 + 2% Coz03; second NiCr 


Material Thickness 0.0305 cm Material Density 4.61 g/cc 
Fixture No. 2 Beam Thickness 0.0973 cm 
Beam Density 9.13 g/cc Beam Length 21.768 cm 
Temperature Test Range: Between 595 °C and 955 cae 
Frequency Test Range: Between 89 Hz and 1,385 Hz 
Loss Factor Np? 
Peak 100 Hz Np 0.065 Temperature 690 Cc 

1,000 Hz XD 0.065 Temperature 740 °C 
Range 100 Hz 655 2c 720 de 

1,000 Hz 705 °c 785 ig 
Complex Modulus Ey": 
Peak 100 Hz 2.6x 10° PAS Temperature 685 acs 

1,000 Hz 2.6% 10° PAS Temperature 740 2G 
Range 100 Hz 655 “¢ 720 °c 

1,000 Hz 705 °C (2: Ceres © 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL :J85-16 AFTER2S1 H 
ee LEGHnE soars me Ire i igi )3EN) 


tat a3 
$75.0 1.e2@0&-@2 3. 0e0E+10 -102 ed. eee0e+i0 

As (LOGLFR)-LOG(FROL D/C 

RPS Ce TO eu oe CR er nOn dr cere eee oe Sante enee ee 


Te ETAFROL 
Be B4 BS 

$75.8 865 2318 445 5. 45@0E-Ge 508 
LocerRieLoG¢F =42(T-10)7 (52571. 8+T-T8) 


REMARKS: J85-16 second test. Retest of 01-61-11 after 100 hours 


at 845°C plus 191 hours at 870°C. 
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TABLE 12-E 
Beam No. 01-61-2 
bd 3 fo fa fo fr sf n Ne 1¢dB 
[temp.TMode TI je 











a 


ee SS] 
-017516 |.01052 


ar 
49.49 | 84.36 ae 
a} ——— 


ei 
A -014789 | .01007 


1750 


175 


| 90.32 | 
|_926.65 | 
1226.60 | 1153.60 | 1216.76 | 1234.90 | 18.15 _| 

tock} asset _agaee}_susae | a.so_{ ouesse [0900s [| 
[500.30 | 468.30 | 496.50 | 502.20 | 6.30 | 012592 |.00739 |  _—*t 
[_sze.01 | 776.60 | 224.20 | 035.06 [ 10.06 [ -013101 |-ooaes | ——_—id 
ae | 
Baie 
| 3.99 | Peed 


~ ~ i 
~ ~ ~ 
° wn wn 
O19 Jo lo ° 


170 
170 


s 
170 5 


[v1.90 1 05.90 | sane | 02.49 | 1,37 | 014365 [-ooece 


[502.64 | 
iors aeae oes | cen eee ae a 


~ 

a 

wn 

o 
we 
















-609730 





-009425 
-010319 






1600 | 6 {[1266.60 | 1183.40 | 1259.12 | 
isso{ 2 [[ 93.84 [07.40 [ 93.38 | 94.38 | 

| 3 || 262.40 | 244.80 | 261.28 | 263.68 | 2.40 | 
4gi.00 | 512.43 | 518.35 | 





inane 
hae 
[0106s [00385 
EGR ee eee 
| 01349 | bee cg 
| 00992 | ae 

eae 





; 00832 | 


_ 
vu 
uw 
o 
ag 








f. ft f. fa 


o> 
nm 
= 


Ne 1dB 


iMode fT tCTC:tC“‘TCOCOC(C(C#(C‘(‘C(‘é*z” fe = 
$15.86 | 482.00 } 4.98 | 00965 




















eee 
Packer 
: eos 
aaa 
Hf 1282.65 2 01026 f.00896—| si 
3_|{ 265.15 | 247.00 2.42 [.00913 _|.00593 
+ [P1905 ["s85-00 sazze [8.7 [oie [aves |_| 
1500 eS 803.80 869.82 9.23 701067 1.00945 
1500 | 6 1293.75 | 1203.90 304.67 [0.35 | .01067 00935 by een | 
96.12 | 0.93 00972 to 
268.48 2.90 -01684  {.90860 
531.42 6.3! -01296 — [.02105 










878.71 10.95 -O01255 02157 
4. 


5 ; 
1350 6 1306.95 | 1212.40 } 1294.7"? [2322.53 27.83 02129 .02047 
a aie 
|isoo| 2 || 26.60] 89,58 







































96.92 97.01 | i.as O16 
j 1400 i 268.33 | 273.06 | 2.9: t.ors2s  lorese 
ae 31 z R34,50 | 5.7% {91078 1.01006 
rao} 883.03 | 316.40 BRS.4200 | tz.72 RYErr Lo13sAG ¥ 
2300 | é_{! 323.82 | 1229.90 Tse zo fase bones 


































































































































TABLE 12-E (Concluded) 


Beam No. 01+61-2 
*F f f f f af n n 1dB 
Temp, 
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Beam No. 01-62-2 
Date 6/4/79 


Damping Material Two layers: first 74.5% SiO> + 10.75% CaO + 
6.375% NaoO + 6.375% KHCO3 + 2% Co903; second O. Hommel 1252 


Material Thickness 0.0183 cm Material Density 2.64 g/cc 
Fixture No. 2 Beam Thickness 0.0975 =m 
Beam Density 9.13 g/cc Beam Length 21.75 cm 
Temperature Test Range: Between 870 °C and 620 °c 


Frequency Test Range: Between 84 Hz and 1,400 Hz 


Loss Factor Ny? 


Peak 100 Hz ony 0.70 Temperature 765 °C 
1,000 Hz uy 0.70 Temperature 830 7¢ 
Range 100 Hz 720 bal @ 830 eS 
1,000 Hz 770 aS 895 °C 
Complex Modulus Ep”? 
Peak 100 Hz 1 x 10!9 PAS Temperature 715 SC 
1,900 Hz 1 x 10!9 PAS Temperature 765 2¢ 
Range 100 Hz 665 £¢ 760 °C 
1,000 Hz 720 °C 815-76 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL %61-62-2 
RGR RGR OY 


a3 
600.0 6. g8eee-03 yee eseee+i0 580 19800409 
Ae (LOG(FRI-LOGCFROL 
oe aero ETAFROL )¢¢ (SL#SH)Ae(SL-SH(1-SORT(1 #AxH2 19672 
ETAFROL SH FROL c 


‘ B3 B4 BS 
8.0 - 708 66@ 4.0086E~-@3 1.600 
LocerR eLOG(E J STect-To07 (525-1, 8+T-TO) 


REMARKS: - Retested three times: 01-62-3, 01-62-4, and 01-62-5. 
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TABLE 13-F 


Beam No. __01-62-2__ 























oF fo fh t, ER af Re Ne 1dB 
Terp. [Mode ——— |. fs En eer 
86.40 83.99 85.21 1.2? 101442 | .00732 
243,00 101827 | .01167_ | 
476.50 472.64 | 6.39 | .0362 | .01092 
789.50 .01406 
1154.45 | 1177.72 [.oieis | | 
87.16 85.09 86.32 701442 | .00762 


ipods | sae ieee ell 

| 88.43 88.60 
1450 3 245.22 
faery 

| 


810.25 826.73 32.29 23968 -03870 x 


1220.17 1247.87 $4.43 294426 04344 











Paez [92.03 [3-1 cos [oa 
fis00 | 3 || 254.88] 250.20 11 87 
fi400! 4 {I 508.58] 491.70 524.52 | 28.63 105629 : 
1400 | 813.67 


CsI 35.02| a55.34 | 41.67 [04990 | -04908 | + 
[i400 [6 ]} 1269.56 [218.10 | 1260.52 | 701.17 | «0.65 [0317 fone | | 





°F f. f, f f af n 
ee ee 

92.68 g4.a3 | 4.06 [eoaser foszaa | 
261.83 257.29 _| 264.77 [14.70 05694 [05533 | x 
520.77 513.47 | 534.03 | 20.56 03948 —|.03888 -—J 






















[s6.o¢ [sce [-oaaea  [oaaos | 
264.32 12.85 
[7.69 |-oaseo forsio 


pa7.20 avers fore 
04358 -04217 


EL LC 


1397.52 }20.60 —-|.01485 


~90904 09814 








522,36 495,50 
860.5¢ 820.00 
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TABLE 13-£ (Concluded) 





Beam No. 





°F £ f = by af n 





Temp. [Mode 
903.90 837.20 901.25 906.07 §.96 00560 -60512 


1200 
1150 = 100.32 $2.52 J ° 62 100.68 0.56 - 00658 90541 
1150 3 281.52 259.80 2% 84 282.10 1.26 00448 . 


Slt een er aneren Rinne ton mannan 
Q 
5 
t 
re 
~ 





Los? ——1 
{ 1150 4 530.84 508.96 549.94 551.80 1.86 - 00338 


9°34 ,08 842.80 909.25 912.90 3.65 00401 
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Beam No. __01-62-3 _ 
Date 6/5/79 ~ 


Damping Material Two layers: first 74.5% $i02 + 10.75% CaO + 
6.375% Na20 + 6.375% KHCO3 + 2% Co203; second O. Hommel R-1252 


PR dcmma eae en We raster tanane Pat dn Bale imino 


Material Thickness 0.0183 cm Material Density 2.64 g/cc 
Fixture No. 2 Beam Thickness 0.0975 cm 
Beam Density 9.13 g/ec Beam Lenjth 21.75 cm 
Temperature Test Range: Between 870 °C and 620 °C 
| Frequency Test Range: Between 85 Hz and 1,370 Hz 
Loss Factor Np? 
Peak 100 Hz Np 0.35 Temperature 765 *¢ 
1,000 Hz Ny 0.35 Temperature 830 °C 
Range 100 Hz 700 AS 885 °C 
; 1,000 Hz 750 %€ 860 °C 
Compiex Modulus Ep”: 
Peak 100 Hz 9 x 10'® pas Temperature 705 ee 
1,000 Hz 9 x 10!° pas Temperature 745 °C 
Range 100 Hz 700 bd &4 750 eC 
1,000 Hz 670 °C 810 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL :01-62-3 RETEST €1-62-2 
LOG (PM )°LOG (AL 04 (2LOGCMROM/AL ) 970141 FRON-FR EEN ) 
Te FROM MROM N mi 


L 






al ae a3 A4 
600.@ 1.3181E-@2 1.9912E+16 -663 7.3367E+a9 
A* (LOGCFRI-LOG(FROL ) 37C 
LOGCETA) ¢LOGCETAFROL )+( (SL+SH A+ (SL-SH)(1-SQRT(14ARR2) C72 
Te ETAFROL st Sh FROL c 


enna ett IONS WAAR ht 0 eee ae lessen ear enamel 


ee mee 


B23 Ba BS 
600.2 318 2306 = -.611 3.015@E-82 2.116 
LOG(FR )@LOG(F )-12(T-78)/(S525/5 .8¢T-TO) 


i alee 


on 


i eG SOR 


RPeMaRrKS: Retest of 01-62-2; no thermal soak. 


<= weet sie 
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tminte: 
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TABLE 14-E 


Beam No. 01-62-3 








et 
86.29 


pte eT 
86.40 


ee 
240-00 | 243.00_| 430.47 | “36 

| 4 jf 473.88 [476.50 470.22 | 478.00 ~78 
785.70 | 789.50 | 779.22 | 791.20 | 11.98 


ae 
ae 

| poizes | 

peze=se_foae2-0o__frnes.<9_frres.ze [ose 02432 .02251_ | 

|_ 87.54 | 

| ae’ 
Sexe 
Penta 
Pa 


c n 






[s1g9.24 [itsi.00 [1192.23 |izoe.38 [27.61 | oms02 fone 
|_3_|f 246.76 | 246.95 [243.45 [200-93 | 5.08 | 
[| 407.23 | 400.20 | 402.60] 493.06 fur20 | 
[5 || 809.80 | e090 | eos.13_| 019.13 [15.00] 
|e | iz1e. 36 [200.00 [uai0.30 [1225.70 | 30.46 | [02399 | 
[2 [9.28 | on.co | 00.22 | 0.08 | 1.66 |-o7003 [ais | ——— 
[3 [250-00 | 240.90 | ae7.nn_| ass [7.08 [02598 forma} x — 
| + tf 490.15 ['sss.00 [493.37 | sot.79 [16.55 |.oa322 Los 
Heed 823.70 | 808.00 811.40 | 334.73 02807 [ozs =| SSC=*d 
I 
| 


66.83 87.16 86.18 87.54 1.36 j-01566 00986 











anes] 
[1236.33 |1209-10 [220.0% [izes.e7 [37.00 02996 forsia — 
[90.46 | 09.30 | 09.17 | 91.76 | 2.59 fosees ~]ozess 
[259.16 | 250.80 | 249.98 | 255.52 iz.06 —Loares]oassi — 
[-s02.00 | sis.aa [20.es 

















°F f f f fe af n 
ee SR ES EE EEE Cae oy 
@14,00 059.07 | 40.03 _|-0arse|.aaete 
4218-00 | 1253.47 [1278.35 | 48.89 [.03862 _|.93793 eae 
[99.58 [90.56 [94-10 | 3.50 ]-o3027 —] 
| 252.70 [262.29 | 269.01 | 7.08 [02655 
521.35 | 495.50 | s12.46 [530.31 | 27.05 _|.o3a24 
[1277-10 [1290-01] 1305.30] jozeo7 _[-02307 
|_90.64 [93.10 | 96.04 03764 
[254.60 | 262.49 | 374.05 | 9.36] 
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Damping Material Two layers: 


Material Thickness 





Fixture No. 2 

Beam Density 9.13 g/cc 

Temperature Test Range: Between 

Frequency Test Range: Between 

Loss Factor np: 

Peak 100 Hz Np 0.30 
1,000 Hz Np 0.30 

Range 100 Hz 740 °C 
1,000 Hz 815 °e 

Complex Modulus En"? 

Peak 100 Hz 9 x 10!° pas 
1,000 Hz 9 x 10'° pas 

Range i00 Hz 740 “C 
1,000 Hz 800 =C 


NOMOGRAPH CURVE FIT EQUATION: 


A*(LOG(FR-LOG(FROL) )7C 


REMARKS : 





Al he 
60.0 3.4@00E-C2 3.3000E+10 




















Beam No. 














Date 


0.0183 cm Material Density 


Beam Thickness 
Beam Length 
870 °C and 
88 Hz and 
Temperature 780 
Temperature 725 
750 °C 
815 °C 
Temperature 729 
Temperature 775 
690 °C 
730 °C 


MATERIAL 3$01-62-5 Os hommel R-1252/UDRI J85~-14 
LOG(M)*LOG<ML)+(2LOGCMRONZML ) 701+ (FROM/FR XN) 
Te FROM MROM N ML 
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~-438 3.0070E-02 


660.9 286 - 368 
LOCCFR )*LOG(F )-12¢ T-T8)7(52571.8+T-TO) 


AZ a4 
-S8Q 1.8000E+10 

LOG( ETA) @LOG(ETAFROL )+( (SL+SH )A+(SL-SH ) (1-SORT(14AKB2)) C72 
Te ETAFROL SL SH FROL ¢ 
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Retest of 01-62-2 after 136 hours at 870°C. 


first 74.5% Si09 + 10.75% CaO + 
6.375% Na2O + 6.375% KHCO3 + 2% Co703; second O. Hommel 1252 


g/cc 
cm 
cm 
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TABLE 15-E (Concluded) 


Beam No. — O1-G2-4 


°F fo fy Ee ER af Ns Ne 1dB 
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Beam No. _01-62-5 62-5 


Date 1/3/19 
Damping Material Two layers: first 74.5% SiOz + 10.75% CaO + 


6.375% Na2O + 6.375% KHCO3 + 2% Co203; second O. Hommel R-1252 


Material Thickness 0.0183 cm Material Density 2.64 g/cc 


‘Set nore eve eater ae damem  caanantons wlWt pepaannssnentndnataehintatatinad 


Fixture No. _ 2 Beam Thickness 0.0975 cm 
Beam Density 9.13 g/cc Beam Length 21.75 cm 
Temperature Test Range: Between 870 °C and 620 °C 
Frequency Test Range: Between 89 Hz and 1,370 Hz 


Loss Factor Np? 


Peak 100 Hz Np 0.24 Temperature 715 °C 


eat 


1,000 Hz us 0.24 Temperature (765 °¢ 
Range 100 Hz 745 °¢ 735 7c 
1,000 Hz 810 °C 690 °C 


Complex Modulus ED”? 


Peak 100 Hz 9x 10!° PAS Temperature 710 be 
1,000 Hz 9x 1019 PAS Temperature 760 °C 
Range 160 Hz 695 Cc 735 i 
1,000 Hz 720 2 795 2c 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 2€1-62-5 RETEST 
LORCA YS LOG CNL 15 (oh Oat ROR en Ey Ate tor Serr 
Te a ae a 


a3 
600.0 3. 9639E-02 z 7484E+10 +831 2.4840E+10 
Ae (LOG(FRI-LOG(FROL )7C 
LOGCETATSLOGLE TAT ROL + ((S tai Ge tel“ Shi eGR ete rege 
Te ETAFROL SL SH A 
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age ae eee 


BS 
600.0 .273 2 4. 7806E- ee 259 
LOGerR}sLOGCE) 124 T-78)7 (52571. get Ta) 


wo 


OT tate ee en re ne Tal er ahnee aoe 


Seren: 


em 


REMARKS: Retest of 01-62-2 after 400 hours at 870°C; coating 5 


deteriorated only slightly. Resumed heat soak for a total of 


aaante ce 





951 hours at 879°C. Coating still in very good shape and will be 





recoated as soon as possible. 
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TABLE 16-E 








Beam No. 01-62-5 











Cc 
aa Ee 
La II 250.69 | 9.09 | 252.38 
| 4 |[ 491.24 | 476.50 | 488.23 | 494.07 00189 | .00919 
| s _|{ 514.27 | 789.50 809.65 | 819.65 01228 | .00986 
3__|[_ 252.09 | 244.78 | 251.18 | 254.96 3.76 | .01487 |.01034 
495.94 : 





@ 
F & £. fi £. af ng n 1dB 
=a 
|_ 249.09 | 252.38 | 3.29 | .orz12 [00652 _| 
1217.50 | 1282.00 | 1210.64 | 1227.25 | 16.61 | .01364 [-01183 
00632 

| 480.40 492.67 | 499.07 6.40 01290 

|| 822.03 | 795.80 | 816.25 | 828.00 | 11.63 .0143¢ |.01279 
[1229.60 | 1191.00 | 1218.21 | 1240.32 | 22.11 | .01798 | .01668 
2 90.82 87.88 90.18 91.37 -01310 [00880 
3__i{ 255.74 | 246.95 | 253.96 | 257,84 | -01197 
484.20 


497.24 -01498 
801.96 823.79 -01749 


244,62 | 1200.00 | 1228.05 | [02390 [02769 | 
88.60 El p .o1ase_| ons? 
"soe.s2 | se0.00 | so1.75 | s12.08 | 10.73 
["e42-n6 | 008.00 | 031.74 | 53.30 | “2.56 [02462 | 
/ 92.88 | 09.30 | 91.70] 93.39 | 2.09 | .one08 | -a1s06 
261.95 | 250.80 | 759.08] 265.80 | 6.72 | 02865 [07390] 
[-sis.76 | [508.16] 523.25 | 15.09 | .07926 | 02018] J 





















491.70 






°F f£ ft, f f£ of oy 


c R 

i EE ES, PE Reet 

1283.44 | 1218.10 | 1251.80 | 1301.62 | 49.82 

| 94.24 89.98 | 92.94 95.57 

1350 266.50 | 252.70 263.00 | 271.27 | 8.27 

1350] 4 |f $29.46 | 495.50 520.25} 538.69 | 18.46 

1350 | 379.03 | 820.00 863.10 | 889.96 | 26.86 | 
1306.16 | 1227.10 | 1285.04 | 1329.08 | 44.04 | .03372_|.03312 _| 


94.72 89.98 93.32 | 96.10 | 2.78 | .02935 |.02772 
266.55 | 252.70 263.27} 272.94 | 03253 | .03212 


529.16 495.50 -03361 | .03302 x 
77.55 -02832 |.02762 | 


1314.49 | 1227.10 [| 1296.62 | 1335.09 02927 | .02867 


{] 96.37 90.64 94.85 97.95 3.10 .03217_ |.03076 [| | 
274.80 | 254.60 | 272.17 | 276.34 | 8.19 02982 | .02862 x 


3 
1300{ 4 || 538.93 | 498.90 | $32.40 14.10 | 02616 |.o2se7 ff 
1300 | 5 {| 890.95 | 825.90 | 83.85 | 099.74 | 15.89 | .01783 1.01728 
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jJ1330.42 | 1236.00 | 1319.92 | 1342.27 | 22.38 | .ole80 t.o1eze f 

g jf 98.56 | 91.20 | 97.60! 99.61 ' 2.01 | .o20a0 |.o1si0 | 
j.277.92 | 256.46 276.1 200.37 | s.36 | cise? [ooiaas | 
| $47.58 1 5.66 101039 |.o0996 | 
i] 902.61 | 831.80 7.86 1.00871 [.o0a19 
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TABLE 16-E (Concluded) 


Beam No. __O1-62-5 





ep fe fo ft fe af As Ne 1ds 
(tenon iede ERECT ee ee 
1200 | 3 289.26 279.14! 281.45 2.31 | .00824 | .00734 
1200] 4 549.73 | 505.60 Gh 550.33 3.16 | .00575 
1200] 5 || 909.71 | 827.20 | 907.33] 911.80 | 4.47 | .0049: | .00sa3 | | 
| 1200} 6 2354.40 | 1253.00 | 1351.58] 1356.95 | 10.55 | .00779 | .00733 x | 
2 || 290.67 92.52 100.29 | 109.82 00526 | 
3 282.48 | 259.80 282.60] 283.10 1.10 | .00389 | | 
4 '} 553.36 | 508.90 554.10 | 1.49 .00269 | 
fi1sol 5 2. 






i 
js i 
i 915.95 842.80 914.74 917.00 | 2.26 | .90247 i | 
—— I. 
1150 | 1} 1363.30 | 1261.00 1361.00 1366.07 | 5.02 oe | 


ij 102.55 | 93.10 | 2101.43 i01.65 4 0.22 -00217 | { 
ie 
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AFML tUDRI BEAM COATED ONE SIDE 
1 NONE 


EXPERIMENTAL COD 


MATERIAL 
MANUFACTURER 
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Beam No. 01-63-1 
Date 4/22/79 


Damping Material Two layers: first O. Hommel R-1202; second 
Oo. Hommel R-1250 





PH Kalimantan a Race «hae inn ts te 






Material Thickness 0.0345 cm Material Density 3.84 g/cc 
Fixture Ne. 2 Beam Thickness 0.0965 om 
Beam Density 9.13 g/cc Beam Length 21.669 cm 
Temperature Test Range: Between 760 °C and 455 °c 
Frequency Test Range: Between 86 Hz and 1,525 Hz 






Loss Factor Tp? 








Peak 100 Hz Ny 0.50 Temperature 665 sd 8 
1,009 Hz ny, 0.50  |§§$ Temperature 795 “ 
Range 100 Ez 420 °C 710 °c 














1,000 Hz 675 ®*C 730 °C 
Complex Modulus Ep we 







Peak 100 Hz 5.8% 10° PAS Temperature 620 ag & 
1,000 Hz 5.8x 10? PAS ‘Temperature 675 °C 









Range 100 Hz 575 a 660 “c 
1.000 Hz 620 id 8 730 °C 















NOMOGRAPH CURVE FIT EQUATION: 





MATERIAL :©1-63-1 TYO LAVER 
Se eRgR nn ommgR ROPER 
Te 







A*(LOG(ER )~LOGCFREL 3 9/C 
togreta:-Logrerarnoz~< CSLSHIA* (SL-SH IC 2-SORT (1 9AESZII ICE 
ETAFROL 5 SH ROL c 
Bi be 83 roe 35 
5ee.e -510 -70€ -458 3.3€80€-e3 752 
LOGIFR J*LOGLF -12¢7-T9- (52571. B4T-TO) 







al a2 
| 500.8 3.3000t-03 6. 3e8ee-es - 403 7.Se0ve-e8 
i 
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Retest of 01~-63-2. 




























































































TABLE 17-F 
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Deem No. 01-63-12 








op rc . 
F fe tO aa fp ot Ng Qe 1dB 
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829.50 | 788.57 796,23 7.66 
6 1187.60 | 1241,90 $1179.68 119552 12.13 
1350 j{ 2 87.68 91,87 37 29 88.09 0.80 


1750 245.00 247.38 | 247,06 3.68 701502 


1350 4 483.40 504.40 478.04 488.26 1,72 -02718 

{1350 | 5 |] 806.45 | 975.50 | sor.96 {| 11.48 | 9.88 | 01226 x 
3350 1206.64 | 1249.50 [1202.5 $2220.75 | 16.15 -01339 * 
1 60 
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792.40 






Temp. [Node Sr aaa eS DEES 

1400 | 2 96.93 4 91.06 | 97,17 0.53 

lrs00 {3 |! 24.275 | 255.75 | 241,77 243.68 | 1.ar___ | . 

jiaoo | 4 ff 478,26 | 500,50 {| 476.98 470,29 4,34 x 
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TABLE 17-E (Concluded) 


Beam No. 91-63-1 


°F fo fn fy fr 









a) eS 
ie ize aes at} —_ ATICE 





104.37 : : 

294.88 —teese | ass | 260 | 

582.20] 525.90 | 576.35 | 599.70 a 107455 
|__96.44 | 102.09 | 105.85 | 2.76 | —*|—.02639 

294.01| 270.75 | 290.19 | 297.10 | 6.91 | ‘| .02380 

$79.53{ $29.20 | 574.88 | 586.07 | 11.14 .01922 
969.61 | 16.92 | | i761 


101475 
107.54 | 96.44 | 106.36 | 108.70 | 2.34 | 02176 
[270.75 | 299.35 | 305-19 | 5.84 
| 5 |[ 984.96] 877.00 | 979.27 991.80 .01272 
i 1401.22 | 1309.00 | 1466.04 | 1498.59 | 22.55 | 201572 


1309.00 | 1437.35 | 1458.68 | 21.33, | | 
109.44 vos.a3 | ato.ae | asin [Jonas 


01422 







307.49] 271.80 | 306.11 [308.00 [2.66 | 
602.38 | 532.15 | 6co.1e | 605.04 | 4.66 | 
987.80 | 82.90 | 9a.ss [ i001.71 [6.86 | 
1499.85 | 1316.50 [1492.60 | 1504.46 | 11.86 | 
| 0-59 | 
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Beam No. 01~63-2 
Date 6/20/79 


Damping Material Two layers: first O. Hommel R-1202; seconé 
C. Hommel R-1250 


Material Thickness 0.0345 cm Material Density 3.84 g/cc 
Pixture No.  _—s_2 Beam Thickness 0.0965 cm 
Beam Density 9.13 g/cc Beam Length 21.669 cm 
Temperature Test Range: Between 760 °C and 489 2¢ 
Frequency Test Range: Between 86 Hz and 1,495 Hz 
Loss Factor Xp? 
Peak 100 Hz Np 0.45 Temperature 665 £¢ 

1,000 Hz Rp 6.45 Temperature 730 “C 
Range 100 Hz 600 °C 715 °c 

1,000 Hz 650 odo 810 °C 
Complex Modulus Ep"? 
Peak 100 Hz 5.5x 109 PAS Temperature 600 aC 

1,000 Hz 5.5x 109 PAS Temperature 650 a & 
Range 100 Hz 550 °C 650 °C 

1,000 Hz 590 °C 725 °C 


NOMOGRAPH CURVE FIT EQUATION: 


MATERIAL 20163-2 
LOG(M *LOGCAL 14 (2LOGCMROA/AML ) 7014 (FROM/FR )£2N) 
Te FROM MROM N AL 


Al fe a3 A4 
$00.0 3.9174E-03 6.9999£+69 -415 9. 4827E+985 
Ae (LOG(FRI-LOG(FROL) )/C 
LOGCETA ) @ LOGCETAFROL )+( (SL+SH A+ (SL-SH )(1-SQRT(1+AR82)99C072 
Te ETAFROL SL SH FROL c 


2 ae een a 


3 B4 RS 
500.2 406 -608 -.314 3.3237E-@2 -6S7 
LOGCFR)*LOG(F -12¢7-T8)7(525/71.8+T-TO) 


: REMARKS: Retest of 01-63-1 after 144 hours at 595°C. 
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TABLE 18-E 
Beam No. _O1-63-2 
bd f f fF fn Af n ho dB 
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TABLE 18-E (Concludeé} 


Beam No, 01-63-2 





fo on f fe oft Ng Ne 1dB 
(fenp. Thode +: be 7 aaa | ' 7 
—y $$} 
2 f 
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MANUFACTURER SO*HOMMEL TOP?:R-125@ BOTTOM:R-1202 
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OTHER ?tNN 


MATERIAL t@i-G3-1 TWO LAYER 


EXPERIMENTAL CODE : 75 
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